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G e n e r a l  a n d  Physical Chemistry. 

Burners Fed with Saline Spray for Polariscopic and 
Spectroscopic Use. ERNST BECKMANN and HANS LINDNER (Ber., 
1914, 47, 2722--2728).-Burners especially adapted to the produc- 
tion of flame colorations have been described, in which the required 
metal is feld into the flame as spray produced by electrolysis of a 
solution (Beckmann, A., 1912, ii, 1049 ; Ttiesenfeld and Wohlers, 
A., 1906, ii, 593), or by chemical generation of a gas in the solution 
(Beckmann, A., 19'07, ii, 209; Riesenfeld, A., 1913, ii, 997). The 
same idea has been extended t o  the production of arc spectra 
(Riesenfeld and Pfutzer, A., 1913, ii, 1074). 

I n  the present investigation a similar principle has been applied 
tot the1 oxy-hydrogen flame in which the hydrogen burns in an 
atmosphere of oxygen, the1 saIt spray being fed into the latter. 
The porcelain tubel of the burner has to be protected by a nickel 
fitting. On account of the high temperature the spectra are richer 
in lines than when produced under the ordinary conditions, but 
with sodium light this modification in the colour is insufficient to 
affectf its valuel for polarimetric work, and the light can be purified, 
if desired; by passage through a suitable light-filtler, such as a 
solution of potassium dichromate. The spectra produced are com- 
parable in intensity with the corresponding arc speckra. 

It is shown by the result of experiments that for sensitivenese 
the electrolytic method for producing the spray has no advantage 
over that  in which the spray is produced by the action of coppered 
zinc on an acid. D. F. T. 

The Spectra, of Carbon Monoxide and Carbon Dioxide. KARL 
HOF (Zeitsch. wiss. Photochem., 1914, 14, 39-55, 69--88).-Experi- 
ments have been made t o  ascertain the influence of the nature of 
the electrical discharge on the spectra of carbon monoxide and 
carbon dioxide, in particular the influence of capacity, self-induc- 
tion, current density, electrode potential, and gas pressure. 

It is probable that' the various known spectra are exhibited under 
all conditions of electrical discharge, and that  changes in the 
character of the discharge produce changes in the relative intensi- 
ties of these spectra which correspond more or less closely with 
changes in the dissociation equilibria. 

I n  the visible portion of the spectrum, the influence of capacity 
is to increase the intensity of the Swan and the line spect'rum, and 
to diminish that of the carbon monoxide bands. Self-induction 
increases the length of the Swan and cyanogen bands. Under the 
same conditions of experiment the carbon line spectrum varies 
according to whether it is produced by discharge through the 
monoxide or the dioxide. 

I n  the ultra-violet region the effect of capacity is to broaden 
the bands and reduce their intensity. Self-induction has the 
opposite effect. 

'JOL. CVIIT. ii. 14 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
15

. D
ow

nl
oa

de
d 

on
 2

4/
10

/2
01

4 
20

:2
5:

20
. 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/ca9150805193
http://pubs.rsc.org/en/journals/journal/CA
http://pubs.rsc.org/en/journals/journal/CA?issueid=CA1915_108_0


ii. 194 ABSTRACTS OF CHEMICAL PAPERS. 

From experiments in which the gases were made t o  flow through 
the discharge tube, at  different rates, it is probable that the second 
negative group of bands must be attributed to the carbon dioxide 
molecule. The inlluence’ of gas pressure on the naLure of t h e  
spectra suggests Lhat, the line spectrum, the Swan spectrum, and 
the fourth positdve group must be attributed t o  the products of 
dissociation. 

The same spectra, wit 11 essentially the same distribution of 
intensities, are obtained by continuous and alternating discharge. 

The bands described by Deslandres and D’Azambuja (Compt. 
rend., 1905, 140, 917) codd not be identified wit,h any-certainty. 

H. M. D. 

The Red Argon Spectrum. EMIL PAULSON (YhysikuE. Zeitsch.! 19 14, 
15, 831--833).-An investigation of the red argon spectrum has 
been carried out with the object of ascertaining whether the 
quadruplet found by Rydberg was represented in the long wave- 
length portion of the spectrum. It is shown from the results that  
the lines now measured can be brought into the Rydberg arrange- 
ment. I n  the cases of tlis difference 847.71 and those of 802.91 
and 606.80 the agreement is not so good, the former being too high 
and the latter tool low. J .  F. S. 

The Continuous Background in the Bunsen Flame Spectra 
of the Alkali Metals. HEINHICH THEISSEN (Zeitsch. wiss. Photochem., 
1914, 14, 125-136, 148--170).-1n addition t o  the characteristic 
lines, the Bunsen flame spectra of the alkali metals exhibit a more 
or less intense so-called continuous background, the investigation 
of which was the chief objectl of the experiments described. Various 
salt6 of the alkali metals were introduced into the flame, and photo- 
graphs of the spectra were obtained both by the use of a prism 
and a grating. The apparatus was designed so as to yield spectra 
of considerable1 intensity, and the resolving mechanism gave, in 
consequense, only moderate dispe’rsion. 

The photographic records show that the ‘‘ continuous ” spectrum 
emitted by sodium, potassium, and rubidium contains a large 
number of diffuse bands in the blue1 and violet region. With 
increased dispersion these bands appear t o  be partly resolved into 
fine lines. Apart from small differences in intensity, the appear- 
ance) of thwe band spectra is independent of the nature of the salt 
of the alkali metal. Such bands were not recognisable in the flame 
spectra of lithium and cEsium. 

The “ continuous ” spectrum extends into the red and ultra-red 
region, and the limitirig wave-length a t  the red end increases in 
general with increase in the atomic weight. The approximate 
limiting wave-lengths are as follows : sodium, A 6500 ; lithium, 
A 7000 ; potassium, h 8100 ; rubidium, A 8690 ; czesium, A 9000. 

continuous ” spectrum 
in the neighbourhood of the characteristic lines is attributed to 
diffusion of the light; in the spectral apparatus. 
The photographs of the flame spectrum of caesium show the 

The increased intensity shown by the 
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second component of the principal series pair a t  ~ = 8 9 5 0 ,  and also 
the pair of lines A 7253 and 7233, which has previously only been 
observed in the arc1 spectruni. 11. 32. D. 

A Relation Exhibited by Line Spectra. SERGILJS h i w v  ( d n ~ .  
Physik, 1914, [iv], 45, 147--175).--Prorn observations of tho 
Zeeman effect in the spectra of calcium, strontium, barium, and 
yttrium, the1 coriclusion is drawn that  certain pairs of triplets form 
members of a series which is related to  the first subordinate series 
in much the 5ame way that  the principal series is related t o  the 
second subordinate series. XI. M. D. 

The Emission of Light from Metttl Vapours i n  the Glow 
Disoharge. L. JANICKI aud R. SEELIGER (Ann.  Yhyszk, 1914, Liv], 
44, 1151-1168).-The authors describe a simple method by means 
of which the glow discharge can be passed through the vapours 
of metals. Two forms of apparatus are described, in one of which 
the metal to  be examined is cniployed as cathode, in the other 
it serves as the anode. The discharge is started by passing a current 
through tho tnbe containing hydrogen or nitrogen, the intensity of 
the discharge being sufficient to volatilise the metal with consider- 
able rapidity. The foreign gas is then removed, anti the glow 
discharge continues through the vapour of the *metal. 

From the results obtained with cadmium, zinc, magnesium, lead, 
aluminium, tin, and silver, it is found that  there is a close parallel- 
ism on the one hand between the1 spark spectrum of the metal 
and that  of the negative glow, and on the1 other between the arc 
spectrum and the spectrum of the positive column. The lines 
characteristic of the spark spectrum are1 shown only by the negative 
glow, whilst the arc lines appear only in the positive column or, a t  
any rate, the intensity of these lines is relatively very great in the 
positive column, Silicon behaves similarly to the above metals, but 
tellurium is anomalous in that  there is no analogy between the 
spark and negative glow spectra or  between the spectra of the arc 
and positive column in the case of this element. 

Experiments wit'h discharge tubes containing zinc and cadmium 
vapour which were heated externally, gave exactly similar results 
to those obtained by the above-described method of experiment. 

H. M. D. 

Measurements in the Arc and Spark Spectrum of Mercury 
in International Normals. LEO CARDAUN (Zeitsch. wiss. Photochem., 
1914, 14, 56-68, 89-104).-The measurements were made by 
means of a large1 colncavel grating, the arc spectrum being obtained 
from a quartz mercury lamp and the spark spectrum by the use of 
carbon electrodes, the core of the positive electrode beiug filled 
with mercury. The wave-length data, which are recorded t o  0.01, 
and in many cases t o  0.001 A.U., are compared with t'hose of 
previolus observers. The sharpnem and intensity of the various 
lines are also indicated in the tabular record. H. M. D. 

14-2 
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Measurements in the Ultra-violet Spark Spectrum of 
Copper, Aluminium, Gold, Silver, Zinc, and Carbon up to  
h 1850, according to  the International System JOSEF MAHIA 
KDER (Zeitsch. wiss. I’hotocherrr., 19 14, 14, 1~7-147).--1Sleasurerneuts 
of wave-lengths have been made which ext,end from 1 2 2 6 3  t o  
A 1853. By coniparing the spectra obtained with a grating and 
with a quartz prism, it has heeii found tha t  Hartmann’s inter- 
polation formula for tlie prismatic spectrum A = A, + ( C I S  - so) 
gives results in good agreement with the wave-lengths afforded by 
the grating spectrum if  a is equal to 1. I n  this formula A,, c ,  and 
u are constants, so t he  zero scale reading, and s the reading which 
corresponds with wave-length A. The wave-lengths recorded in the 
tables are given t o  0.01 A . U . ,  and where possible are compared 
with previous measurements. 

It has been found tha t  the carbon line h 1930 is a double line 
(A 1930.58, i = 2 ;  A 1930.07, i = S ) ,  and is quite distinct from the 
aluminium line h 1930.33. €1. M. D. 

Constant Differences in Line Spectra. J ~ I L  PAULSON ( A m .  
Yhysik ,  1914, [IV], 45, 419-430. Compare tliii vol., ii, 119).-An 
examination of the linc spectra of a large number of elements 
has shown tlie existence of groups of lines which show a constant 
difference of frequency. Th6 only lines taken into consideration 
are those characterised by considerable intensity. Pairs of such 
lines in the spectra of phosphorus, scandium, titanium, iron, cobalt, 
germanium, bromine, krypton, yttrium, and niobium are’ recorded 
in  tabular form. The wave-length data in  question have been 
taken from Kayser’s tables. 13. M. D. 

Regularities in the Structure of the Spectrum of Lanthanum. 
EMIL PAULSON (Ann. Yhysik, 1914, [iv], 45, 1203-1208) -It is 
shown tha t  tlie lanthanum spectrum is characterised by the occur- 
rence of groups of six lines which show the1 same differences in 
frequency. If -4 is the frequency of the first member of one of 
these groups, then the  frequencies of the other five a re  given by 
.P + 29‘77.86, A + 3636.56, A + 4333.66, A -t 5212.84, A 4- 6229.16. 
Tables are given showing the existence of sixteen more or less 
complete groups of this character. H. M. D. 

A System of Wave-length Numbers in the Scandium 
Spectrum. EMIL PAULSON (Physikal. Zeitsch., 1914, 15, 892--S94). 
-An investigation of the spectrum lilies of the elements of the 
A sub-group of group 111. of the periodic system has been carried 
out for the elements yttrium, scandium, and lutecium. I n  the case 
of yttrium it 1s shown t h a t  many corresponding series of four 
lines appear, o!. which if d represent t he  first, B, C, and D the 
second, third, snd  fourth respectively, B = A  + 1846.91 ; C r= A + 
2251.69; D = A  + 2456.65. Similar groups are found for lutecium, 
th s  relationship being B = A  + 5571.42 ; C = A  + 7335.75 ; and 
D = A  +9552*78. In  the  case of scandium, of which 440 lines 
appear in the  arc spectrum, 203 lines can be arranged in series 
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of seven, the members of the series bearing the relationships 
R=A+158*77,  A1=158.77; C = 9  +474.18, A2=315'41; 0=,4 + 
577.73, As= 103.55 ; E=L4 + 717.71, A,= 139'98; F =  A + 2298.81, 
A5 = 1581*10 ; G = A  + 2380.75, A,= 81.94. I n  addition to these 
groups other lines with a A value of 319.64 and 20.2 have been 
noticed. Tables of the wave-lengths, intensities, and differences of 
the lines are given in the paper. J. F. S. 

Regularities in the Spectrum of Platinum. EMIL PAULSON 
(Ann. Physik, 1915, [iv], 46, 69S--704).-Relxtions of the kind 
described previously (compare this vol., ii, 34, 196) have also 
been found to. occur in the platinum spectrum. I n  this case 
there is a group of ten lines which recurs, in more or less com- 
plete form, no less than thirty-four times. The corresponding 
members of tlhe various groups show the same differences in 
frequency. The mean values of the constant; differences between 
successive members of the groups are : 3065.72, 2006.20, 3365.33, 
15.17, 3550.34, 427.52, 5318.09, 47.86, and 776'17. I n  this series 
the frequency of the members of the various groups increases from 
left to right. The thirty-four tables given in tlie paper contain 
175 lines, which have been recogriised as belonging t o  groups of 
this kind. H. M. D. 

The Wave Number System of Ruthenium. EMIL YAULSON 
(Phpikal .  Zettsch., 1915, 16, 81 -84. Compare previous abstracts).- 
Froin an examination of Kayser's wave-length measurements of the 
lines in the' arc spectrum of ruthenium, it is found that a large 
number of these lines fall into groups containing eighteen lines. 
The1 difference in the frequency of corresponding members of each 
group has a constant value. The table given by the author con- 
tains 548 lines, which fall into sixty-five more or less complet'e 
groups of this character. H. M. D. 

Absorption Spectra and the Solvate Theory of Solutions. 
HARRY C. JONES (Zeitsch. EZekti*ochem., 1914, 20, 552--554).---Tn a 
previously published paper (A., 1914, ii, 250) Dhar has collected 
a number of data of the properties of solutions which point to the 
exist-ence of solvates. The present paper adds to tlie list published 
by Dhar the evidence of the absorption spectra. It is shown that 
a saltl in a given solvent, is characterised by a definite absorption 
spectrum. Should a saltl be dissolved ii! a mixture1 of two solvents 
the absorption spectrum is made up of two  well-defined spectra, 
characteristic of the dissolved substance in each solvent. If tlie 
composition of the mixed solvent is changed, the absorption spec- 
trum does not gradually chaiige from one form to the other, but  a 
variation of the relative intensities of the two  spectra shows itself. 
If the solvent' ,4 is reduced in amount in relation to  the solvent 23, 
then the spectrum corresponding with '4 is reduced in intensity with 
respect t o  that  corresponding with Ij. Thcse facts are taken t o  show 
that  the solvenls have cornbilled witli the dissolved substances t i )  
form solvates. The above statements are' based 011 measurements 
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of the abso,rption spectra of neodymium chloride, uranous chloride, 
uranous bromide, and uranyl acet4ate in a large number of solvents 
(A,, 1910, ii, 87, 172, 246, 370). Aqueous solutions of salts which 
show no tendency t o  hydrate formation have the same absorption 
spectra as water itself (Zeitsch. physilcal. Chem., 1910, 74, 325). 

J. F. S. 

Relation between Absorption and Structure. I. V. A. 
IZICIAILSKI (J Buss. Phzp. Chem. Soc., 191 5,  47, 63-100) -A 
theoretical paper, in which halochromy and the carbonium, quino- 
noid, and quinocarbonium formulze for halochromic salts are dis- 
cussed. Halochromy is regarded as of two kinds, and the follow- 
ing names are suggested : cat-halochromy, for cases where the carrier 
of the colour is the cation (chromone radicle), and an-halochromy, 
f o r  those where the anion (chromaci radicle) carries the colour. 

The carbonium, quinosnoid, and quinocarbonium structures of 
halochromic salts are considered t o  be unsatisfactory, the principal 
objections being the1 existence of an-halochromic and cabhalochromic 
series, and the possibility of converting one and the same skeleton 
into a chrornone or a chromaci radicle according to the character 
of the' substituent groups. Against quinonoid formulae i t  is urged 
that., with alteration of the constitutive factors, the absorption 
changes uninterruptedly. From the absorption and the1 capacity 
for reaction it cannot he stated where the quinonoid structure of 
the1 molecules begins and where the benzenoid structure ends. The 
plasticity of tlis molecule is clearly expressed in the existence of 
chromo-isomerism and chromotropy, and one and the same chromaci 
o r  ohromone radicle may correspond with a greater number of 
colouring forms than can be foreseen from the quinonoid theory. 
Another weak point in this theory is that  i t  does not attempt t o  
find a cause of colour in any general principle applicable1 to other 
classes of compounds, but deals only with certain groups of com- 
pounds. Farther, i t  disregards the circumstance that  many COM- 
pounds which are not quinones exhibit absorption similar to, and 
even more selective than, that  of the quinones, whilst, on the other 
hand, quinones are known which show no characteristic absorption 
bands. T. H. P. 

Validity of the Rule Connecting Colour with Degree of 
Dispersity. KTJRT VOTGT (Kolloid. Eeitscb., 191 4. 15, 8 4--851.-Tn 
t'he opinion of Ostwald (A., 1911, ii, 868) an increase in the degree 
of dispersity of a coloured colloidd solution is accompanied by a 
shift' of the absorption maximum towards the ultm-violet end of 
the spectrum. T t  is shown that, the behaviour of Congo-red is no t  
in agreement wiLh this statement.. The addition of excess of sodium 
liydroxidc to a solution containing Congo-red leads to an increase 
in the size of the particles. If the above relation holds qood, the  
red colou~'  shoiild change in the diredion of violet, b u t  as a matter 
of fact, the change is towards yellow. I n  agreement with t h e  
resii1t.s obtained by Pihlblad (A.,  1913, ii, 2). i t  is found that the 
intensity of the absorption changes with t h e  alteration in the 
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degree of dispersity in  the sense that  the extinction increases as 
the size of tke colloidal pakticles diminishes. The fact that  the 
colour of aniline-blue changes with the degree of dispersity in 
accordance with Ostwald’s relation is supposed to be connected 
with the fact that  this substance forms colloidal solutions of 8us- 
pensoid character. So’ far as emulsoid solutions are concerned, the 
degree of dispersity is considered t o  have but little influence on 
the colour of dyes. H. M. D. 

Theoretical Photochemistry, 1909-1 9 13. CEIR. WINTHER 
(Zeitsch. z0i.s. Photochem., 1914, 14, 19--32).-A summary of recent 
work on photochemical reactions. It would now seem t o  be estab- 
lished that the important factor in photochemical change is the 
absorbed light, and not the intensity of t,he incident light. 

H. M. D. 

The Action of Light on Chlorine Water. HARRY MEDFORTH 
DAWSON (Zeitsch. wiss. Photocham.. 191 4, 14. 213-215).--0n the 
assumption that  the change in conductivity is proportional to the 
change in concentration of the chlorine, Benrath and Tuchel (A,, 
1914, ii, 447) have investigated the rate of decomposition of 
chlorine water under the influence of light by means of measure 
ments of the electrical conductivity of the solution. The author 
contends that  the above assumption is unjustifiable, for the reaction 
takes place in two stages, as represented by the equations 
(1) C1, + H,OTc  H’ + C1’ + TIClO, (2) 2RC10 -+ 2R’ + 2Cl‘ $- 0,, 
and the1 relation between the concentration of thel chlorine and that 
of the hydrochloric acid which determines the conductivity of the 
solution is regulated by the hydrolysis constant: 

i% = [a’] [Cl’l [HClO] /[cllOl. 
On this account the change in conductivity does not afford a 
measure of the change in the concentration of the chlorine, and the 
fact that  the experimental data afford an approximately Eonstant 
value for the coefficient L = 1 / t . log a / (a - x), does not show that 
the photochemical decomposition of chlorine water is a simple uni- 
molecular change. 

The fact that the addition of chlorides, and in particular of 
hydrochloric acid to the solution, diminishes the proportion of 
chlorine which is finally decomposed, can be explained quite satis- 
factorily in terms of the two consecutive reactions. The suggestion 
that the inhibiting action of these substances is due to the forma- 
tiou! of C13’ ion, i s  inconsistxwt with known facts. H. M. D. 

Tbe Sensitiveness t o  Light of Pure Mercurv Compounds. 

Accordinp to  Winther (A., 1910, ii, 564), a solution of mercuric 
oxalate coin~let.ely -free from iron would be photochemically inac- 
tive. The fact, that  this conclusion did not agree with the author’s 
previous observations has led t o  a further series of experiments 
with solutions prenared from carefully purified substances. These 
experiments show that. the photochemical sensitiveness of 6olutions 

JOSFF BfARIA E D R R  (z&tsch. u:i.~n. Photochsm.., 191 4. 14, 172-176).- 
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of mercuric oxalat'e (mercuric chloride and ammonium oxalabe) is 
not dependent on the presence of traces of ferric salts, but is also 
exhibited by the pure mercuric compound. The decomposition of 
the mercuric salt is mainly determined by the ultra-violet rays, but 
comparative observations have shown that  the relativel activity of 
the visible rays is increased i f  the solution contains small quantities 
of iron. H. M. D. 

The Sensitiveness to Light of Ferric Salts. CHR. WINTHER 
and H. OXHOLT-HOWE (Zeitsch. wiss. Photochew., 191 4, 14, 196-21 2). 
-The photochemical sensitiveness of various organic salts of iron 
has been examined. Solutions were prepared by mixing equimolar 
solutions of ammonium oxalate, succinate, tartrate, citrate, and 
acetate with measured volumes of ferric chloride solutions of vary- 
ing concentration, and the mixtures welre exposed t o  the action of 
monochromatic light of wave-length A = 436, 405, 366, and 313 pp. 

The results obt'ained show that  the rate a t  which the ferric salt 
is reduced renmins approximately constant during the course of 
the reaction. For a given concentration, the sensitiveness (measured 
by the ratio of the amount of substance transformed to the quan- 
tity of ivicident radiation) increases as the absorption-coefficient 
diminishes. I n  ordkr to explain this, itl is supposed t,hat the solu- 
tions contain a t  least two substances which absorb the incident 
rays. One of these is photochemically sensitive, and the other 
not, and the l a t h  is responsible for the major part of the absorp- 
tion. 

Examined froin the point of view of the quantum theory, it is 
found that  the number of reacting molecules per quantum of 
absorbed energy is in all cases greater than unity. H. M. D. 

Colloid Chemistry of Asphalt. A .  ROSIKGER (Kolloid.  Zeitsch , 
1914, 15, 177--179).-Asphalt~ which dissolve in benzene, chloro- 
form, and hydrocarbons are found to become insoluble in these 
liquids after being subjectled in thin layers t o  the action of light. 
I f  solutiom of asphalt! in benzene or in a mixture of benzene and 
chloroform are poured on t o  glass plates and the solvent allowed 
to evaporate, the asphalt is found t o  have become insoluble even 
in the absence of light actlion. This suggests that  the apparent 
sensitiveness of asphalt to light depends on the oxidation of the 
material in coiitact with air. When certain substances, such as 
safrole and eugenol, are added t o  the asphalt, its sensitiveness to  
light is increased. I n  presence of these sensitisers, the product 
obtained differs from that  formed in the oxidation process, and i t  
is supposed that the action of the light in these circumstances 
consists in the formation of gels by adsorption of the sensitising 
agents in the1 asphalt. H. M. D. 

The Photographic Behaviour of Silver Azoimide. JULIUS 
REKK (Zeitsch. wiss. Phofochkm., 1914, 14, 105--125).-The photo- 
graphic behaviour of silver azoirriide resenibles that' of silver 
chloride and bromide, but its sensitiveness to  light is iriucli less 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
15

. D
ow

nl
oa

de
d 

on
 2

4/
10

/2
01

4 
20

:2
5:

20
. 

View Article Online

http://dx.doi.org/10.1039/ca9150805193


ii. 201 GENERAL AND PHYSICAL CHEMISTRY. 

than tliat of the1 halogen salts. The azoimide' is also much more 
easily reduced by developing solutions, and in  the unripened condi- 
tion is characterised by relatively high sensitiveness to the red 
portion of the  spectrum. The first two properties are in all proba- 
bility determined to a large extent by the extreme fiiieiiess of the  
granular structure of t h e  azoimide. 

The darkening of silver azoimide lias been shown to be accom- 
panied by the  liberation of nitrogen. Although the pure substance 
is highly explosive, it is found tha t  dried emulsions of silver am- 
imide are quite insensitive t o  shock, and can be manipulated witJh- 
out danger. 

Fur ther  experiments described in tlie paper have reference to  the 
influence of ripening on the !iglitl and colour sensitiveness of 
gelatin and other emulsions of the azoinii.de and the influence of 
the nature of the surrounding medium on the darkening of the 
silver salt. H. M. D. 

The Influence of Light on Colloid Systems. HUGO STINTZING 
(Kold. Chew. BeihPfLte, 1914, 6, 231-296).--Var.ious aspects of the 
question of the influence of light on colloid systems are discussed 
in detail. The phenomena 01 photo-crystallisation and photo- 
sublimation would appear to have some connexion with the action 
in question, although i t  would seem t h a t  these photo-eff ects cannot 
be observed when temperature differences are cempletlely elimin- 
ated. On the other hand, the experiments of Alefeld (Ghem. 
Z e i f . ,  1906, 88, 1087) led him t o  assume tlie existence of a specific 
influence of light ~ h i c l l  gives rise t o  an  increase i n  concen- 
tration in the part  of the system which is subjected t o  tlic action 
of light rays. 

The author's experiments, which were made with colloidal systems 
containing gelatin and metallic salts, silver resinate," ferric 
hydroxide, silver sol, aiid also with molecular disperse solutions, 
show that' local increases in concentration under the influence of 
light are due t o  inequalities in the rate of vaporisation in tlie 
insolated and non-insol ated parts of the system. In the absence 
of such inequalities, changes in concentration do not take place, 
and consequently the conclusion may be drawn tha t  tlierc is no 
direct or specific influence of light on tlie distribution of the phases 
in  a colloid system. 

The change in the distribution r.esulting from local inequalities 
in  the rate of evaporation appears to be characteristic of colloid 
systems. Tlie effect is not observed with t rue  solutions. From the 
results obtained with different colloid systems itr would seem that 
the changes in concentration are more or less independentt of the 
nature of the substances concerned, t ha t  is to say, of both the 
disperse phase and tho dispersive medinm. H. 34. D. 

Secondary Cathode Radiation in Gases Produced by 
Primary Rays of Small Velocity and the  Absorption of these 
Rays. FRANZ MAYER (Ann. Ph,?/s;k, 191 4. [iv]. 45. 1--28).-'l'he 
conditions under which secondary radiation is producetl Ly lotv- 
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speed cathode rays have been investigated by experiments with 
various gases. Below a certain velocity the primary rays do not 
produce secondary rays. This minimum velocitly varies with the 
nature of the1 gas, as is shown by the following values: air, 9.5; 
hydrogen, 11.5 ; nitrogen, 11.8 ; carbon dioxide, 12.5 ; methane, 
13.5; carbon monoxide, 14.5 volts. The velocity which gives rise to 
a maximum amount of secondary radiation was also found t o  
depend on the nature of the gas, as shown by the following num- 
bers : air, 130; hydrogen, 125 ; nitrogen, 150; carbon dioxide, 140; 
methane, 132 ; carbon monoxide, 125 volts. F o r  primary ray veloci- 
ties greater than that  which corresponds with the optimum second- 
ary radiation, the rate a t  which the intensity of the secondary 
radiation falls with increasing velocity of the primary rays depends 
on the radius of the gas molecules. Except in the case of hydrogen, 
tlhis rate of decay is greater the. smaller the molecular radius. 
There appears t o  be no connexion between the rate a t  which the 
secondary radiation diminishes and the nature of the gas if the 
primary rays are of smaller velocity than those corresponding with 
the1 optimum secondary effect. When the secondary radiation is 
a t  its maximum value, the quantity of radiation is proportional 
to the molecular weight of the gas. The behaviour of hydrogen 
is, however, quite abnormal, in tha t  the quant'ity of secondary 
radiation is twelve times as large as that  required by this relation. 

Experiments made t o  determine the absorption of very slow- 
speed cathode rays in air have shown that  the absorption of rays 
of velocity 0.5 t o  4.2 volt is constant, and debermined by the 
molecular cross-sectional area. H. M. D. 

Adsorption of Very Hard X-Rays. B. WINATVER (Physiknb. 
Zeitsck, 1914, 15, 942-946).-An extremely hard Rontgen tube gives 
out a very penetrating radiation, which is of trhe natnre of y-rays 
in its penetrating power, and is provisionally termed Xy-radiation. 
The absorption of these rays by graphite, magnesium, aluminium, 
iron, copper, zinc, silver, cadmium, tin, antimony, platinum, gold, 
lead, and bismuth has been determined. It is shown that the 
mass-absorption-coefficient p, / p, where is the absorption-coefficient 
and p the densitly, increases continuously with the atomic weight 
of the1 metal, t,he values being 0.14 for  aluminium and 3.2 for 
gold. The elements of small atomic weight absorb the radiation 
relatively weakly. I n  the case of aluminium, magnesium, and 
graphit.e, the penetrability of the Xy-rays approaches that  of the 
hard y-rays from radium. p/p=0-14 for Xy-rays, and 0.04 for  
y-rays. Tn the case of the heavier elements there is a much larger 
difference, which increases with the atomic weight of the element. 

5. F. S. 

Uni- and Multi-valent Lines of Aluminium, Sulphur, 
Chlorine, Iodine, and Nitrogen in the Canal Ray [Spectra]. J. 
STARK 2nd R. KUNZER (8nn. Physik, 1914, [iv], 45, 29-74. Com- 
pare A., 1913, ii, 546).-In previous papers, evidence has been 
brought forward in support of the view tha t  ions with different 
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charges (valeacies) give rise t o  different lines in the emission 
spectra. Further observations have now been made on canal-ray 
spectra with discharge tubes containing aluminium chloride, 
sulphur, chlorine, iodine, and nitrogen, and on the basis of these 
observations an attempt is made to attribute cerbain lines or 
groups of lines in the spectra t o  definite carriers o r  centres. The 
conditions of electrical discharge were varied so as t o  obtain spectra 
of both the arc and the spark type. 

The conclusions drawn in reference to t'lie canal-ray spectrum of 
aluminium are that  the doublets of the first and second subordin- 
ate series are due to positively charged univalent aluminium ions, 
and that  the ultra-violet spark lines are to be attributed to bi- or 
ter-valent ions. The aluminium arc spectrum, in addition t o  the 
doublets referred to,  shows others which have a smaller difference 
of frequency, and these also would appear t o  originate in univalent 
ions. 

The observations on sulphur show that its spectrum contains four 
kinds of lines which can be readily distinguished. The first arc 
spectrum (series spectrum) is attributed to positively charged 
molecules, S,, carrying a single charge, the lines of the second arc 
spectrum tot positive' univalent sulphur atoms, the  sharp spark lines 
to positive bivalent suIphur atoms, and the diffuse spark lines t o  
positive tervalent sulphur atoms. 

The arc lines in the chlorine spectrum appear t o  be due to 
univalent chlorine atoms with a single positive charge, the sharp 
spark lines to  positive bivalent atoms, and the diffuse spark lines 
to positive tervalent chlorine atoms. Although much more difficult 
t o  examine, the canal-ray spectrum of iodine is apparently similar 
to that of chlorine, and ionic carriers of the same type are presum- 
ably responsible f o r  the corresponding groups of lines. 

The results obtained with nitrogen permit of a distinction being 
made between three groups of lines. It1 is probable tha t  the arc 
lines are due t o  positive univalent nitrogen atoms, the sharp spark 
lines t o  positive bivalent atoms, and the diffuse spark lines t c  
positive tervalent atoms. 

In arriving a t  the above results, the authors attach considerable 
importance t o  the relative intensities of the lines which show the 
Doppler effect and those which do not under the different condi- 
tions of electric discharge. H. M. D. 

The Rontgen Spectrum of Platinum. H. SEEMAN (Physiknl 
ZeitscA., 1914, 15, 794--797).-The Rant'gen ray spectriim of pla t inum 
has been photographed and measured. Hard bulbs were used, and 
lithium-glass windows. It is shown that the hroad continuous 
bands and a large number of lines recorded by previous observer;; 
are made up of many fine lines. A ph~t~ograpli of the  spectrum 
is appended t,o the paper. J .  F. Y. 

Superficial Burn Produced by an Unknown Radiation. 
CHA~T.F,F,  A .  DOREMUS (J. Amar. C h n .  Soc., 1915, 37, 549-551),- 
During an experiment in which a calcium zinc alloy was heated iii 
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a furnace with lamp-black, tlie author suffered superficial burns, the 
effect being produced through his clothes. The burns resembled 
those produced by X-rays and radium radiation. The experiment 
was repeated, a sheet of lead perforated witE five holes being inter- 
posed between a C'ramer X-ray '' X "  plate and the furnace. The 
plate, on being developed, showed the five holes in the lead covering, 
and thus confirmed the diagnosis of tlie nature of the burns. When 
coke, charcoal, 3r gas carbon was used with the alloy instead of 
lamp-black, photographic evidence of the radiation could not be 
o b t aiiied . 

Influence of the Edges of Metal Leaves on the Penetrability 
of Radioactive Rays. ALFRED IMHOF (Zeitsch. wiss. Phbtochem., 
1914, 14, 171--172).--A photographic plate was exposed to the 
rays emitted by a circular disc cast from gypsum mixed with 
uranium oxide. A number of concentric rings of t i n  foil, 0.02 mm. 
thick, were placed between the plate and disc, the ring with the 
smallest inner radius being next to the' photographic plate which 
was covered with a thin sheet of note-paper. The developed plate 
shows a series of sharp concentric rings, although the varying 
thickness of the tin foil is without appreciable influence on the 
photographic effect. Tliese rings correspond with the inner edges 
of the' successive sheets of metal. €1. M. D. 

E. G. 

Velocity of Ionisation a t  Low Temperatures. 6 LEXASDER 
ROBERT NORMAND (T., 1915, 107, 285--3RO).--The dire,*t dett.rl)lina- 
tion of the velocity of ionisation lias not' hitherto been attempted, 
and measurements have therefore 1,eeu made by  tlie following 
method. A solution of pot,assitun iodide in ethyl alcohol was cooled 
a t  the f .  11. of rnetliyl alcohol ( - 9 7 - 8 O )  or  of ethyl alcohol ( - 117.6°) 
until its teniperature anti conductivity were constant. An equal 
quantity of the solvent, cooled to the same temperature, was then 
quickly added, and the solution well stirred. If the additional 
ionisation due t o  dilution should proceed slowly eiiougli, tlie conduc- 
tivity of tlie solut,ioii immediat.ely after dihition woiild lie half 
tha t  of tlie original sohition, and would then g r a d i d l y  rise to the 
valuc of the conductivity of the solution a t  lian the initial concen- 
tration, and a ineasuremeiit, of tlle velocity of ionisation would be 
obtainable from a curve showing the variation of the conductivity 
with time. 

The speciilc condurtivity of solutions of potassium iodide 
(1 gram) in ethyl alcoliol (100 grains) has been determined between 
- 1 0 O O  and + 2 5 O .  Tlie conductivity of tlie solventi alcohol a t  
- 1 O 0 O  t o  -50° was so swiall as t o  he negligible. It was observed 
that the temperaturc-coefficient, of coiiduct)ivity was iiiucli greater 
a t  the lower tliaii at, the higher temperatures. 

-4 study of t h e  effect of dilntiori 011 the coudud,ivit,y showed tha t  
a t  -38" and even at - 1 1 8 O  ionisation is conip1eLp in  less tlian 
tliree miiiiii 135, fitid f ronl  n 1 1  PxiL1liillai i on  o f  Llie t,ime-curves i t  
seemed pro1)ahlv i I i a t  ioiiis:Lt ion is coniplei crl witliili one iniiiiiie 
a t  -- IISO. Tt is calrulated t Ilittj at {,lip orditiary tpniperature ion- 
isation is coinpleted iii less t.lmn 1 / 100th of a second. E. G. 
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Does an  Ionisation of a Mixture of Chlorine and Hydrogen 
Occur when it is Illuminated and does a Reaction Occur in 
the Same Mixture when it is Ionised by Rontgen Rays? M. 
LE BLANC and 19. VOLLNER (Zeitsch. h'lektrochem , 1914, 20, 494-497). 
-As the result of a number of experirneiits it is shown that  a 
mixture of chlorine and hydrogen, when illurriiriated by an Osram 
lamp of 25-100 candle-power, is not ionised t o  a measurable 
extent, and that  the results of Kiirnmell (A., 1911, ii, 796) must be 
explained by a bad insulation of his apparatus. I n  the present 
experiments a quantity of hydrogen chloride amounting t o  0.56 C.C. 
at  20° was formed during an illuniination of fifty seconds' duration. 
When exposed to Rontgen rays, 0.03 C.C. of hydrogen chloride was 
produced in sixty seconds, which means that  a single electron can 
at  most, bring 104 m~lecules into reaction, aud not 10l2 as has 
been previously supposed. J. F. S. 

Electron Emission During Chemical Reactions. G .  JUST and 
F. HABER (Zeitsch. Plektrochem., 19 14, 20, 483--485).-Usiug an 
apparatus similar t o  t ha t  previously employed (A,, 1910, ii, 572) 
the electron emission of potassium, when submitted t o  liglit and 
during its reaction with thionyl chloride, has been measured. The 
illumination was effected by means of a candle or an arc. It is 
shown tha t  when the reaction is carried out in the light the electron 
emission is much greater than when it is effected in the dark. 
The sum of the photo effect of potassium alone, and that of the 
illuminated reaction is always less than that of the illuminated 
reaction. It is also shown that  the action of hydrogen chloride 
and iodine vapour on the metals aluminium, copper, and silver, is 
accompanied by an electron emission. This, however, does not 
take place until the' metals are heated. I n  the case of aluminium 
it commences at 1 60° and increases rapidly with temperature, 
becoming very large a t  240°. The electron emission commences 
when the pressure of the reacting gas has reached a few thou- 
sandths of a mm., and i t  increases very rapidly with increasing 
pressure. The unipolar character of the reaction ceases when the 
vigour of theereaction and strength of the effect become too large. 
I n  any case if a positive potential is applied t o  the metal the 
electrometer shows no motion. J. F. S. 

Adsorption and Precipitation of the Radio-elements. Pwrz 
PANETH (Physikal. Zeitsch., 1914, 15, 924--929).-A theoretical paper 
in which it is shown tha t  the precipitation of radio-elements along 
with other substances can be explained by adsorption. It is also 
shown tha t  those radio-elements are readily adsorbed the analogous 
compounds ~f which are sparingly soluble in the solvent'. Thus 
in AT-hydrochloric acid barium sulpliate adsorbs 88% of radium 
sulphate, but  silver chloride does not adsorb radium chloride at  
all. This points to, the view that the anion and cation even in the 
solid stake possess free valencies, and tha t  the sparing solubility 
of a precipitate is to be attributed to the holding together of these 
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valencies. This view, with the fact that  a kinetic exchange of 
atoms occurs a t  the' surface of an absorbent, is capable of explain- 
ing the adsorption rule, and also the1 €act that  radio-element corn- 
pounds are precipitated a t  concentrations far removed from that 
a t  which the solubility product is exceeded. J. I?. 8. 

The End Products of Radioactive Disintegration Seriep. 
K. FAJANS (Zeitsch. EZektyochern., 1914, 20, 449--450).-A theoretical 
paper in which the final products of disintegration of the radium, 
thorium, and actinium series are! discussed. I n  the case of the 
radium series it is well known that lead constitutes the filial 
product, and in the other tlwo series, making use of the rules 
(1) that the product of a radioactive disintlegration, which is accom- 
panied by the emission of an a-particle, has a position in the 
periodic sysbem two groups t o  the left of that  occupied by its 
direct parent, and ( 2 j  the product of a disintegration accompanied 
by a P-ray emission occupies a position onet group to the right of its 
parent, it is shown that the end-products are also lead. The various 
lead isotopes are also shown to have different atomic weights, and 
the author is of the opinion that other varieties of lead exist. A 
discussion of the results of atomic-weightl determinations of lead 
from different sources, to  be published shortly by Richards and 
Lembert, follows. I n  connexion with this, the view is expressed 
that  lead from thorium is lees stable than lead from uranium, and 
that it constitutes the first of a series of disintegrating substances 
which are just so stable as not t o  be recognised as unstable by 
radioactive measurements. J. F. S. 

The Preparation of Radium-D in Visible Quantity and its 
Chemical Identity with Lead. G. VON HEVESY and F. PANETII 
(Belr., 1914, 47, 2784-2786).-The remarkably close similarity 
between isotopic elements has been recognised from the fact that  
hitherto' all attempts to' separate them have been futile. By 
taking the emanation from 1 grain of radium (clement), allowing 
i t  t o  decompose in a sealed quartz vessel, and then dissolving in 
nitric acid, itl has been found possible by electrolysis t o  isolate 
radium-D or radium-D peroxide, according to the conditions of 
experiment, in visible quantities of approximately 0.005 mg. ; the 
activity of the1 product, indicated the purity of the radium-D 
obtained. The comparison of the E.M.F. of a combination 
radium-D pero'xide-radium-D nitrate with that of the combination 
lead peroxide-radium-11 nitrate and the effect of the addition of 
lead ions to each, showed the actual electrochemical identity of 
radium-D and lead. 

By analogy, therefore, i t  is highly probable that isotopic 
elements generally are chemically identical, and that  identity of 
the nuclear positivel electric charge (Rutherford and Andrade, A., 
1914, ii, 408) is the conditioning factor f o r  the chemical identity 
of two elements, the surrounding ring of electrons not being of 
necessity the same. D. F. T. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
15

. D
ow

nl
oa

de
d 

on
 2

4/
10

/2
01

4 
20

:2
5:

20
. 

View Article Online

http://dx.doi.org/10.1039/ca9150805193


GENERAL AND PHYSICAL CHEMISTBY. ji. 207 

The Average Thorium Gontent of the Earth's Crust. J. H. J. 
POOLE (Yl~zl. &fag., 1915, [vi], 29, 483--489).--The composite rock 
mixtures employed in a previous investigation of the radioactivity 
of terrestrial surfaoe materials (Joly, R., 1912, ii, 1032) have beeii 
used in the investigation of the average thorium content. The 
residue; left after fusion with a mixture of alkali metal carbonates 
and treatment with water, was dissolved in hydrochloric acid, and 
the! solution set asidel for some days t o  allow of the accumulation 
of the products of disintegration of thorium. The tlioriuni emana- 
tion was then boiled off in a constant current of air, which subse- 
quently passed through an electroscope in which the rate of leak 
was determined. 

I n  calculating a mean value from the observed resulk, a weight 
proportional to the number of rocks in the several mixtures may 
be assigned to1 the individual values, and in this way it is found 
that  eighty-six acid rocks give a mean value of 2.08 x gram 
thorium per gram. I n  the same way, the value obtained for forty- 
eight intermediate rocks is 1.64 x 10-5, and for fifty-six basic rocks 
0.56 x 10-5. The thorium content decreases, therefore, in passing 
frolm acid t o  basic rocks. The same1 result was found f o r  the 
radium content, but the ratio of radium to thorium is not constant, 
alt'hough in nearly all cases it lies within the limits 1.3 and 
2.7 x 10-7. I n  general, the ratio increases in passing from the acid 
to tho basic rocks. 

The general mean obtained for the thorium content of the above 
method is 1.50 x 10-5. The data for  a number of miscellaneous 
rocks were notl made us0 of in  the deduction of this value. 

H. M. D. 

Isotopic Elements. K. FAJANS (Physikal. Zeitsch., 19  14, 15, 
935--940).--The relationships of isotopic elements are considered 
in the present paper. It is shown that  the isotopic elements and 
their corresponding compounds are soluble in o'ne another in the 
solid form in all proportions. From this it follows, and has also 
been shown experimentally, that  t#he normal potential and mole 
cular eolubilihy of the isotopes and their compounds are identical, 
and consequently the behaviour of a mixture of isotopes, in respect 
of their electrochemical behaviour and crystallisation, is a t  once 
obvious, the main result being that, in an equilibrium mixture, the 
ratio of the concentration off the isotopes must be the same in all 
phases. This a t  once leads to the fact that  isotopes are n m -  
separable. I n  the case of thorium-B and lead i t  is shown that t"he 
isotopes freely mix with one another by diffusion, which means 
that  the osmotic properties of an element are not influenced by the 
presence of its isotopes. The diffusion of isotopes into one another 
is accompanied by a decrease of free energy. This implies that' in 
their chemical mass relationships the isotopes are t o  be regarded as 
independent substances, and that, strictly, the law of mass action 
and the Nernst potential formula mustl be applied t o  each isotope 
separately, but when the salts of the isotopes have the same solu- 
bility correct resulh are obtained if  the mixture of isotopes is 
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regarded as a single substance the concentration of which is the 
sum of the concent8rations of the individual isotopes. This, how- 
ever, does not imply, as stated by Hevesy aiid Paneth (tliis vol., 
ii, 130), that  the isotopes are entirely replaceable by one another. 
This would only be the case if it were possible, in a system in 
equilibrium, t o  replace a portion of the atoms of one isotope by 
atoms of another in a single phase without affecting the composi- 
tion of the other phases. This has been shown above t o  be im- 
possible, and consequently there is no reason for any change in the 
conception of a chemical individual. J. F. S. 

Radioactivity of the Deposits of the Eugenie and Ekaterine 
Springa in Borschom E. BURKSER ( J .  h'uss. Phys. Chem. sbc. ,  
1915, 47, 21-25).-These springs form reddish-brown deposits 
consisting principally of hydrated ferric carbonate, together with 
4.7% and 34.1% respectively of clay insoluble in dilute hydro- 
chloric acid. I n  bot'h cases radium and thorium (or mesothorium) 
emanation are present, the proportions found being 10.08 x 10-12 
and 26.2 x 10-5 gram respectively per gram for the deposit of the 
Eugenies spring, and 17.89 x 1 0 - 1 2  and 3.26 x 10-5 gram respectively 
for that' of the Ekaterine spring. The water of the former spring 
contains 0.02 x 10-9 gram of radium per litre, and that of the latter 
0.07 x 10-9 gram; the thorium-contents of the two waters are almost 
identical, and do  not exceed 7-02 x 10-4 gram per litre. 

T. H. P. 

Dielectric Constants of Some Organic Solvents at their 
Melting or Boiling Points. JOHN DOUGLAS CAUWOOD and WILLIAM 
ERNEST STEPHEN TURNER (T., 1915, 107, 276--282).-1n connexion 
with investigations on molecular complexity (Turner and Pollard, 
T., 1914, 105; 1751) it was desired t o  know the dielectric constants 
of solvents a t  either their ni. p, or b. p., and determinations have 
therefore been made, a t  one or both of these temperatures, with 
benzene, naplithalene, and cyczohexane ; o- and p-chloronitrobenzene 
and p-dichlorobenzene ; y-chloro-, bromo-, and iodo-toluenes, and 
p-nitrotoluene ; chloroform and bromof orm ; .ptoluidine, diphenyl- 
amine, and pyridine ; veratrole; benzil ; zsoarnyl alcohol and 
dimetliplethylcarbinol ; methyl suceinate and methyl p-toluate. 

The results have shown that  the decrease of the dielectric constant 
with the temperature is either linear or nearly so. The tempera- 
ture-coefficient of the dielectric constants of hydrocarbons is very 
small; for benzene itt is 0.00066 and for cyclohexane 0.00078, whilst 
for bromoform, which has the next lowestl coefficient of the sub- 
stances examined, it- is 0.00255. The highest, temperature-coeffi- 
cients obtained were those of isoamyl alcohol, 0*00801, and di- 
methylethylcarbinol, 0.00454. Calculations from existing data have 
shown thatl there1 is no connexion between molecular complexity 
and the bemperature-coefficient of the dielectric constant. 

The dielectric coxstant is greatly increased by the introduction 
of a nitro-group into a hydrocarbon or a halogen derivative of a 
hydrocarbon. The effectl of halogenation on the dielectric constant 
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varies according as the halogen occupies the ortho- or the para- 
position. Of mono-halogen derivatives, tlis chloro-derivative 
usually has the highest, and the iodo-derivative the lowest dielectric 
constant. The dielectric constants of isoamyl alcohol and dimethyl- 
ethylcarbinol a t  20° are 15.0 and 11.5, but a t  their b. p.’s the 
order is reversed, the values being 5.7 and 7.9 respectively. E. G. 

The Behaviour of the Electrical Resistance of Metals a t  
Low Temperatures. HANS SCRIMANK (Ann. Yhysik., 1914, [w],  45, 
706--736).-According to Nernst, the variation of the electrical 
resistanae of a metal with the temperature runs more or less parallel 
wi th  the variation of the energy conbent. I n  order to obtain further 
evidence on this point, measurements of the electrical resistance 
have been made between room temperature and that of boiling 
hydrogen. The metals examined were lead, cadmium, gold, silver, 
zinc, copper, cobalt, nickel, and iron. The resistance of coils of 
wire of the various metals was obtained by measuring the fall of 
potential along the wire which was placed in the interior of a 
hollow copper block immersed in the cooling bath. 

At  low temperatures the influence of impurities on the electrical 
resistance of rnetlals is very considerable, and according t o  Nernst 
(A., 1910, ii, 263; 1911, ii, 368, 464, 466, 964) the resistances 
ri and ‘r2 of two samples of metal are connected by the relation 
ri=(r2-a)](l-a),  where a is a constant which depends on the 
purity and homogeneity of the metal. The results obtained by the 
author afford support f o r  the validity of this relation, and by 
determination of the constan€ a the equation is applied to obtain 
from the1 observed values df the resistance, values which would 
correspond whh the pure metal. 

The curves obtained by plotting the ‘( reduad ” resistances 
against’ temperature show that  between 20° and 80° (absolute) the 
variation of the resistance with the temperature1 runs parallel with 
the values of P v  for  the respective metals ( P  being a constant and 
v the atomic frequency of the metal in teerim of the quantum 
theory). 

The dependence of the electrical resistance on the previous 
history of the metal and on differences in the crystalline structuru 
is also discuswd on the basis of special experiment’s which were 
made to elucidate the influence of these factors. IX. M. D. 

Electrical Excitability and Conductivity of Liquid Insu- 
lators [Benzene,! Light jPetroleum, etc.]. D. HOLDE (Bey . ,  1914, 
18, 3239--3257).-1t is well knawn in laundry works that  when 
woollen goods are moved about in benzene the former become 
positively and the latter negatively charged, and that, on approach 
of the hand, a spark discharge may occur, thereby causing ignition 
of the liquid. To obviate this danger, Richter has proposed the 
addition of magnesium oleate, the action of which probably 
depends on an inerelase in the specific conductivity of the benzene. 
It is further found that, liquid insulators, such as ether, light 
petroleum, and benzene, can acquire a charge amountling to1 several 
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thousand volts when pumped through metal tubes, and to miiiimise 
the danger of fire i n  such cases Richter has proposed tha t  the  tubes, 
reservoirs, etc., should be earthed. These measures have been 
criticised by Dolezalek, who considers t ha t  in the case of good 
insulators the charge cannot be sufficiently rapidly dissipated in this 
manner. 

The author has therefore determined the  conductivity of various 
samples of benzene and light petroleum by Siemens' discharge 
method, performed a number of experiments on the potential 
acquire'd by liquid insulators when pumped tlirougli metal tubes, 
arid studied, also, t h e  effect of static charges. H e  is led t o  the 
following conclusions : The specific conductivity of diff erent speci- 
mens of laboratory benzene and light petroleum is 10-14 to 10-15. 
The degree of electrical excitement of a liquid of low electrical 
conductivity caused by passage under pressure tlirough narrow 
metal tubes depends, other things being equal, on the conductivity 
of the liquid, which is influenced by temperature, moisture, and 
other impurities. The electrical charges acquired by liquid insu- 
lators (benzene or light1 petroleum) by passage tlirough narrow 
tubes are instantly dissipated under tlie conditions of tlie experi- 
ments by earthing the receivers when the conductivity is not less 
t han  10-16. This effect does not appear t o  depeiid 011 the electricd 
conductivity of the liquid, b u t  rather O H  the mecliaiiical movement 
experienced by the  mobile benzene when forced into the receivers, 
and also on the  convection currents, whereby all ihe cliargeci par- 
ticles are speedily brought into contact with the walls of the vessel. 
I n  this connexion, it is therefore recommended tha t  tlie discharge 
pipe should be brought close to tlie bottom or  to  tlie sides of the 
t aak. 

The electrical excitability of liquid insulators can be diminished 
not only by addition of soap, b u t  also of alcohol or acetic acid, 
which also increases the conductivity. H. W. 

Neutral Salt Action and the Condition of Ions i n  Solution. 
II. G. POMA (Zeitsch. physzkal. Chem., 1914, 88, 671-685. Compare 
A., 1914, ii, 440).-The iviflueiice of the addition of various quan- 
tities of neutral salts on the hydrogen potential of hydrochloric 
acid, hydrobromic acid, acetic acid, formic acid, lithium hydroxide, 
and potassium hydroxide, and the silver potential of silver nitrate 
and ammonio-silver nitrate has been determined. The results are 
expressed in  the form : n==IJ',/H'. The influence of neutral salts 
on the apparent dissociation of thc acids is the sanie as tha t  previ- 
ously observed f o r  the copper salts (loc. cit .) .  If the various cations 
are arranged in  order of their action on the dissociation, the order 
obtained will be the same as tha t  obtained for the copper salts. 
I n  the case of the copper salts, however, *the influence of the 
neutral salt* decreases with decrease of concentration of the sub- 
strate) whereas in the case of acids the influence is independent of 
the concentration, except i n  the case of solutions containing very 
small concentrations of hydrogen ions. I n  these cases it is possible 
t o  notice a variation of n, which, however, is generally so small as 
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to fall within the limits of experimental error. In  the case of the 
silver salts the results differ from those observed for tho copper 
and hydrogen ions except i n  the case of ammoiiio-silver nitrate, 
where they are similar. The results of the investigation do not 
make1 i t  possible to1 state that  the ions are capable of exercising a 
dissociating influence on the undissociated molecules. J .  F.  8. 

The Surface Potentials of Solutions In Contact with In- 
sulators. G. BOBELIUS (Ann. Yliys7le, 1914, Liv], 45, 929--940).-A 
method is described by means of whicli the author has measured 
the potential differences at  the surface of aqueous solutions in 
contact with glass and with paraffin. 

The results obtained with a glass surface indicate that the 
contact potential is largely determined by the hydrogen-ion concen- 
tration. For hydrochloric acid solutions of varying concentration 
the surface pot’ential increases as a linear function of the logarithm 
of the hydrogen-ion concentration (x) as expressed by the equa- 
tion Y = 254.5 + 58.4 log x x l o 5  millivolt. The addition of a neutral 
salt such as potassium chloride is without appreciable effect on 
the surface potential, whilst potassium hydroxide reduces the 
potential difference, but the reduction does not bear any simple 
relation to the hydroxyl-ion concentration. 

The potential difference at  a paraffin surface is increased on the 
addition of electrolytes, whether acid, basic, or neutral. For a 
given electrolyte, the increase is proportional tol the logarithm of 
the electrical conductivity of the solution as represented by the 
equation P=--Z’o + k: log x x 105, in which k is a constant determined 
by the nature of the dissolved electrolyte, and x is the conduc- 
tivity. This equation could not, however, be tested in the case of 
very dilute solutions, for these were found to exhibit widely vary- 
ing contact! potentials. F o r  .!7\;/25-solutions the observed values of 
P vary from 34 millivolts in the case of sodium carbonate t o  
90 millivolts f o r  hydrochloric acid. H. M. D. 

Silver Voltameters. G. A. HULETT and G. W. VINAL (J. 
Physical Chsm., 1915, 19, 173--192).-A cornpariaon has been made 
of various types of silver voltameters and the methods of using 
them. The type of voltameter mainly concerned is the! porous-cup 
type. It is shown that after the porous cups have- been brought 
into equilibrium with thhe electrolyte, as shown by acidity tests, 
all voltameters, irrespective of the shape o r  size of the porous cup, 
are in excellent agreement. I n  the acidity tests methyl-red has 
been used in preference to the more sensitive iodoeosin, because 
i t  is much simpler to use and gives sufficient accuracy. It is found 
that when the voltameter cups are allowed t o  remain filled with 
water, a progressive solution of the silver deposit takes place. This 
solution is shown to be a galvanic action, and takes place even in 
conductivity water. Hence it is shown that  the results obtained 
are1 more accurate if the silver deposit is washed and dried immedi- 
ately the experiment is finished. J. F. S. 
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Electrolytic Valves. G ~ ~ N T H E R  SCHULZE ( Z e i t d .  E'lelclrochent., 
1914, 20, 592- -597).-A theoretical explanation of valve action 
aiicl tlie nature of aii electrode wliich exercises Chis action is 
givem The surface of the  electrode is supposed t o  be covered by 
(a)  a non-porous oxide layer of molecular thickness, which in tlie 
case of aluminium protects the electrode from tlie action of tlie 
liberated oxygen; (6) a layer whicli is probably a gas layer in the 
pores of an  oxide layer; and (c) a porous layer of oxide filled with 
electrolyte. The formation of an  aluminium valve electrode is 
coiisidcred by the author t o  take place as follows: Wlieri a freslily 
polished aluminium electrode is dipped in  tlie electrolyte, a thin 
layer (2) is atl first formed; this insulates, but in consequence of its 
molecular thickness is soon pierced by tlie anions, which thus 
reach the metal arid are discharged, forming a new noii-porous 
oxide layer. This process continues, so thatl the porous layer b is 
produced. Then tlie resistance to the passage of the anions becomes 
so great tha t  the  anions cannot pass to the electrode, so tha t  they 
are dischergect in 6, and the electrons alone travel to the metal, aiitl 
7, in this way becomes filled with oxygeii. Further oncoining 
anions now cannot enter the pores, their charge is torn from tlieni, 
and electrons alone reach the electrodes, whilst tlie oxygen is 
repelled and liberated in the gaseous form at the surface of the 
porous layer. J. F .  S. 

Electrochemical Reactions Occasioned by the Passage of a 
Current Across the Boundary of a Gas into an Electrolyte. 
F. HABER and A .  KLEMENC (Zeeztsch. Elek6rochern., 19 14, 20, 485--488). 
----The present experiments have been carried o u t  with the object 
of cletermiiiing the1 r81c of tlie electrode in  the oxidation o r  reduc- 
t ion of depolarisers. Sulphuric acid of various strengths has been 
electroiysed in a vessel so const'ructed t h a t  it could be evacuated, 
and one electrode could be fixed a few mm. above the  liquid. The 
experiiiieiits were carried out a t  a series of temperatures, and in 
thel case where the cathode was in  t h s  gas more hydrogen was 
obtained thaii the F'araday law demands, whilst persulphuric acid 
aiicl Caro's acid were formed in the solution. The formation of these 
substances arid of hydrogen peroxide was more noticeable when t'lie 
anode was in the  gas. I n  all cases a voltage of 600 was employed. 
It is shown t h a t  the concentration of active oxygen (Caro's acid, 
persulphuric acid, and liydrogen peroxide) increases with increas- 
ing  coiicentrat)ion of tlie sulphuric acid u p  t o  45%, when it begins 
to fall off, a i d  a t  7S:L sulphuric acid there is no formation of these 
substances. A considerable cooling diminishes tlie amount of these 
substances, although here the  amount, produced is still i n  excess 
of t ha t  demanded by Faraday's law. Tf  oxygen is led into the 
anode chamber up to a pressure of 131 mm. there is also a decrease 
in  the amount of active oxygen. A n  increase in the length of 
time or in the current strength does not affect the result to a 
marked extent. The results lead t o  the view tha t  a t  the  electrode 
a strong oxidising product is formed from the water. This is t8aken 
up by the  solution, and is sufficiently stable to effect the oxidation 
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of t he  sulphuric acid, forming persulphuric acid, Caro's acid, and 
hydrogen peroxide. J. F. S. 

Electrolytic Proceases at Diaphragms. I. Neutrality 
Chmges. ALBRECRT BETHE and TIIEODOH. TOROPOV (Zezisch. 
pl~ysiiBuI. Chem , 19 14, 88, 686-742).-1n an  earlier publiciiti , ii  
(Bethe, Centr. YI~ t~s io l . ,  1909, 23, No. 9), it is sbown that w h e n  a 
current is sent through a neutral electrolyte, which is divided by a 
membrane the  solution bcconies acid on the  negative side of the 
diaphragm and alkaline o n  the positive side. The rate a t  which 
these changes are brought about depends on the nature of the elec- 
trolyte. Further, if in a neutral or alkaline solution the anion 
shows an increase in  concentration on the cathode side of the  
diaphragm, the  change can be made to occur o n  the anode side by 
making the solnbion acid. Water also moves in the same direc- 
tion as t ha t  in which the  concentration incrcases. Tlie present 
paper deals witli the above-mentioned changes. A theory of the 
process is considered, and a large number o f  experiments carried 
out, which confirm it. The rate a t  which the solution becomes 
acid or alkaline has been measured f o r  diaphragms made of collo- 
diori, parchment", gelatin, animal membranes (pig's bladder), 
gold beater's skin, egg-alhuini n, agar-agar, gas-carbon, avid 
alumina. Tlie influence of concentration of the electrolyte, t.em- 
perature, tliiclriiess of the membrane, and nature of the salts used 
have been determined in  every case. The method consists in 
passing a current through a solution in a cell, divided by a dia- 
phragm, and noting by means of a microscope the time required 
for a solution of rosolic acid to show a definite acid o r  alkaline 
colour change, It is shown tha t  t he  magnitudel of the change in 
the concentration of hydrogen ion on either side of the diaphragm 
can amountl to lo3 times the  original concentration. The disturb- 
ance time, t h a t  is, tlm time required to bring about* a definite 
change in the neutrality, is dependent' on the potential applied to 
the  cell. The time-potential curve is practically a hyperbola, 
and can be regarded as made up  of two factors, tlie real disturb- 
ance time, and the time required for a diffusion so tha t  the effect 
Becomes visible. The minimum potential to bring aboutl t he  change 
is 1 volt' when parchmentl diaphragms are used; in other cases it is 
higher. The thickness of the diaphragm is without' influence. The 
disturbance time1 decreases with increasi tig concentration of the 
electrolyte when the potential remains constant, whereas tlie quan- 
t i ty  of electricity necessary t o  bring about the change increases. 
The neutrality disturbance takes place more rapidly the higher 
the temperature, and the curve obtained is similar to the tempera- 
tu re  curve of viscosity of water x (dissociation of water)!. hi the 
case of gelatin the time of disturbance increases rapidly as tlie 
melting point is approached, bu t  no disturbance occurs after the 
gelatin has melted. The time of disturbance is dependent on t h e  
nature of the electrolyte. The anions have the  same influence 
in all t he  cases examined, the tervalenti ions having the greatpest, 
influence, and the univalent ions the least, the order of their 
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influence being citrate ion"', C204", S04f', If, Brl, ClI, NO,'. 
The influence of cations is the reverse of that  of the anions, the 
univalent ions having the greatest effect. With parchment, gelatin, 
and pig's bladder Eembranes the order is NH,', Li', K', Cs', Na', 
Mg", Ba", Ca", La"', Co(NH&. I n  the case of collodion and 
insoluble gelatin, changes in the position of the uni- and bi-valent 
ions are observed, lout in general the order is maintained. I n  the 
case of gelatin a change in the position of the disturbance is 
observed when multivalent cations in combination with univalent 
anions constitute t'lie electrolyte. Alongside the disturbance of 
the neutrality a diffusion of water takes place, generally in the 
direction from anode to cathode. This is influenced by tempera- 
ture, potential, and the nature of the anode, in the same way as 
the neutrality disturbance. If the position of the neutrality dis- 
turbance changes, the electroendosmosis changes its direction. The 
electroendosmosis is proportional t o  the current, and the curve, 
representing the time in which equal quantities of water diffuse 
a t  different temperatures, is the same as the viscosity-temperature 
curve of water. The similarity of the conditions accompanying 
the electroelidosmosis and the neutrality disturbance and many 
other points indicate that tlie cause of the neutrality disturbance 
is t o  be found in tlie existence of electric charges on the walls of 
the capillaries in the  diaphragms. J. F. S. 

The Dilution Law at High Concentrations. CHARLES A .  
KRAUS (2eits.h. Elaktrochmn., 1914, 20,  5 2 4 -  529) --Pol~rnical. 'In 
the first place a claim f o r  priority over Sachanov and Prscheborov- 
sky (A., 1914, ii, 921, and secondly a criticism of the use made by 
Sachar,ov (Ze i tscA.  ph?ysl:Icn7. Cheni., 1913, 83, 144) of the viscosity 
determinations of Sprung (Ann.  Phys.  Chem., 1876, [ii], 159, 1) 
in correcting electrical conductivity determinations for  the influ- 
ence of vis&ty (compare also Kra& and Bray, A.,  1913, ii, 914). 

J. F. S. 

Abnormal Electrolytic Dissociation. A. SACHANOV (Zeitsc//. 
RleL!rochem., 1914, 20, 529-537h-An answer t o  Krau.: (see 
preceding abstract) arid a rgsurng of the various regularities 
observed in cases of abnormal electrolytic dissociation, and the 
hypotheses which have been put  forward t o  explain the abnorm- 
ality. J. 3'. S. 

The Equilibrium : Hydrogen Ion-Water-Alcohol, HEINRICH 
GOLDSCHMIDT (Zeitsch, Klektyochem., 1914, 20,473-479) -It is shown 
that  i f  the equivalent conductivity of an aqueous alcoholic solu- 
tion of an acid is known for  three different water concentrations, 
the1 value) of r ,  the equilibrium constant of the system, hydrogen- 
ion-water-alcohol, can be calculated. A series of experimental 
results are given, which include equivalent conductivities A= and 
A,,., fo r  hydrochloric, 5-sulphosalicylic, picric, trichloroacetic, 
trinitrobenzoic, trichlorobutyric, dichloroacetic, and salicylic acids. 
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The equilibrium constant for alcohol with varying water-content 
is calculated from the conductivities of the acids mentioned. 

J. F. 8. 

Mobility of Some Multivalent Cations in Water. A. 
UEYDWEILLER (Zeitsch. physih-al. Chern., 1915, 89, 281-286).-A 
theoretical paper. The author has deduced the approximate ionic 
condiictivities of the cations Gl", Al"', Cr"', Mn", Fe", Fe"', 
Nt", CO", L.t"' , Sm"', and Th"" by using the eqiiiralent condnc- 
tivity atl infinite dilution. The latter value has been obtained by 
the Kohlrausch method of plotting the equivalent conductivity 
against the linear concentration, thatl is, the cube-root of the con- 
centration, and extrapolating for the value a t  infinite dilution. 
The equivalent conductivities were thus obtained for  the chloride 
nitrate, bromide, and chlorate of the above-mentioned cations, and 
with the exception of glucinum concordant results were obtained. 
The calculations lead to the following ionic conductivities a t  1 8 O :  
aGl": 27.9 ; ~ A l ' ' ' ,  40.4 ;'&Cr"', 44.9 ; hnirn", 44.1 - &Few*, 45.3; $Fe"*, 
61.2 ; hNi", 44.2;  ~ C O " ,  43.0 ; ;La***, 4 9 . 7 ;  +Ski**,  53.5 , 4  * J-Th"", 
23.5. The values f o r  $Mn**, +Ni", and gCo*' are compared with 
those of Althammer (Diss., Halle, 1913) obtained directly, and 
differ 1-3 units from these, showing that  the values are only 
approximate, and have a probable error which may exceed 5%. 

J. F. S. 

The Dissociation Constants  of Carbonic Acid, L. MICHAELIS 
and P. RONA (Biocl~enz. Zeitsch., 1914, 67, 182-192) -The method 
employed is that  suggested by Michaelis for the determination of 
the dissociation constant of weak acids, namely, the electrometric 
measurement of the hydrogen-ion concentration by a known mixture 
of the acid in the presence of its sodium salt, which was obtained 
by the addition of measured quantities of N 2-sodium carbonate 
solution t o  measured quantities of a N-hydrochloric acid diluted 
with water, and making u p  this mixture to a definite volume. Elec- 
trodes devised by Michaelis for measurement of [H'I concentrations 
of liquids containing carbon diomxide were employed. The value of 
the dissociation constant found by this method was 4-4.10-7. By 
applying this constant t o  a liquid with the same amount of sodium 
as the blood, it was calculated that  the dissociation grade of sodium 
hydrogen carbonate in tlhis fluid is 0.6. 

L. 
MICHAELIS and T. GARBEMDIA (Biochem. Zeitsch., 1914, 67, 193-497) .  
-From electrometric measurements of the [H'] concentration in 
mixtures of this acid and its sodium salt, the dissociation constant 
was found to  be 3*86.10i5. The dissociation grade of sqdium 
hydroxgbutyrate in a solution containing 0.85% sodium chloride (as 
in blood) was calculated as 0.72, whilst in a solution containing 
2% sodium chloride (as in urine) it was calculated as 0.64. A 
method is given for  applying these numbers t o  determine the 
proportion of P-hydroxybutyric acid free (that is, not combined as 
sodium salt) in blood and in urine. 

S. B. S. 

The Dissociation Constant  of 6-Hydroxybutyric Acid. 

S. B. S. 
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The Isoelectric Point of Carbohemoglobin and of Reduced 
HEmoglobin. L. MICHAELIS and Z. BIEN (Bioclbern. Zeitsch., 1914, 
67, 198--202).-For both t,hese substances the isoelectric point was 
found t o  be 1.7.10-7.  The method of electrocataphoresis with the 
employment of phosphate mixtures was used, and in the case of 
reduced haemoglobin a slight modification of the ordinary appara- 
tus, which is described and figured, was devised to prevent oxida- 
tion during the determinations. S. B. S. 

Electrolysis of Glass. A. SPERANSKI (J. Rum. Phys .  Chem. Soc., 
1915, 47, 52-58. Compare) Warburg, A., 1884, 1241; Le Blanc 
and Kerschbaum, A., 1910, ii, 481 ; Heydweiller and Kopfermann, 
A., 1910, ii, 685; Schulze, Ann .  Physilc, 1912, [iv], 37, 435, and 
1913, [iv], 40, 335).-In previous work on the electrolysis of glass, 
mercury, or  its alloys, or fused salts have been employed as anode. 
The author has replaced these by concentrated sulphuric acid, and 
has investigated tlie electrolysis of the following kinds of glass: 
Jena, “R,” hard, lead, and soda. Under these conditions the first 
four exhibit behaviour similar t o  that observed by Warburg in the 
electrolysis of sodarglass with a mercury anode. The soda-glass, 
on the other hand, becomes opaque, and its electrical conductivity 
atl firstl falls and later increases rapidly until i t  exceeds the initial 
value. 

The usel of sulphuric acid as cathodic liquid facilitates the inves- 
tigation of the products of electrolysis of the glass, T. R. P. 

The Structure of Electrolytically Deposited Copper. A. 
SIEVERTS and W. WTPPELMANN (Zeitsch. cinorq. Chem., 1915, 91, 
1-45. Compare Faust, A., 1912, ii, 1173).-The experiments deal 
with copper deposited under different conditions of concentration, 
acidity, and currentl density, and with the influence of colloids 
on the structure. The anode used is a horizontal ring of copper 
wire, enclosed in parchment-paper. The cathodes are of iron, 
varnished exceptl on the under surface, directed towards the anode. 
A central Witt’s stirrer is provided. Most of the deposits separate 
readily frolm the cathode, and are obtained in the form of sheets 
0.1-0.3 mm. thick. For  transverse examination with the micro- 
scope these are clamped bettween pieces of pure copper, and sawn 
tlhrough. 

Solutions of copper sulphate containing sulphuric acid yield first 
a very finely crystalline deposit, which does not adhere to the 
cathode. V-shaped crystallites then grow outwards in an approxi- 
mately perpendicular directioa. Their size a t  first diminishes with 
increasing current density, butl after a certain limit is reached, it 
again increases, a t  the same time becoming less regular. Atl very 
high current denpities the deposit becomes very irregular and 
porous. All changes which tend t o  equalise differences of concen- 
tration displace this limit towards higher current densities. In- 
creased acidity and, t o  a less extent, increased viscosity due t o  
addition of glycerol or inorganic salts, produces tho same effect. 
Neutral sulphate solutions yield a brittle deposit, in which cuprous 

The sections are deeply etched without polishing. 
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oxide particles are eaclosed between the crystallites. Acid solutions 
of the nitrate yield large, dendritic growths. 

Small additions of colloids render the deposits brittle without 
appreciably altering the microscopic structure. With larger addi- 
tions the crystals become smaller, and dark, intercrystalline layers 
are seen on etching. These layers are shown t o  contain colloid. 
The influence of the colloids on the potential is also recorded. 
Bronze o r  yellow tints are often, but  not invariably, present in 
copper containing colloids. The reduction in size of crystallites is 
attributed to adsorption, and the production of a laminated struc- 
ture, which is often observed, t o  cataphoretic action. 

Deposits from alkaline solutions of complex copper salts adhere 
firmly to  the cathode, and are apparently structureless. 

The hardness, determined by means of a sclerometer, is always 
the same on the surface in contact with the cathode, and is a 
maximum. The hardness on the outer surface diminishes with 
increasing crystal size. C. H. D. 

The Kolbe Reaction with Sulphoacetic Acid. F. FICHTER 
(Zeitsch. Elektrochem., 1914, 20, 471--473).-The electrolysis of 
methanedisulphonic acid, CH,(SO,*OH),, with a current density of 
1.2 amperes per sq. cm. causes a decomposition into sulphuric acid 
and carbon dioxide, with a current efficiency of 19.5%; ozone and 
persulphuric acid are also found in the products. Sulphoacetic acid, 
SO,H-CH,*CO,€I, yields the same products on electrolysis with a 
current density of 0.7 amp. per sq. cm. The current efficiency in 
this case is 44%. The acid salts oE sulphoacetic acid behave in 
the same way as the free acid. I n  the case of normal potassium 
sulphoacetate electrolysis with a current density of 1--3 amperes 
per sq. cm. produces after a time an alkaline solutioii, wliich finally 
becomes faintly acid. A number of such experiments were carried 
out with both potassium and ammonium sulphoacetates; the liquid 
and the electrode gases have been analysed. All determinations 
lead to the view t’hat the sulpho-acids behave in the same way 
as the carboxylic acids. Tlic reaction in the present case is repre- 
sented as follows: 

(1) H20 + 2’0,S.CH2*CO2’ + 227 4- 4 EL’ = 

(2) ’03S*CH2*CH2*S03’ 4 - 6 0  + 10F= 250,’’ + 2C0, + 2H20. 
The author is of the opinion that the Kolbe reaction is t o  be 

regarded as an oxidation process. The existence of ethanedisul- 
phonic acid in the solution is confirmed by the isolation of the 
barium salt, C2H,(SO,),Ba,2R,O. 

’03S*CH2*CH,*S0,’ -I-  2KHCO,, t 2 K * .  

J. F. S. 

Application of the Theory of Allotropy to Electromotive 
Equilibria and Passivity of Metals. A. SMITS ( Zidsch. physikal. 
Cham., 1914, 88, 743-757, and Vemt. K .  Akacl. Wet., 1912, 22,  
642).-A theoretical paper in which the theory of allotropy is 
applied to the electromotive equilibrium between a metal and an 
electrolyte. It is shown that  a metal, which exists in allotropic 
forms, is made up of different kinds of molecules, and sends various 
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kinds of ions into the solution. The diagram representing this 
equilibrium is that  of a pseudo-system, which in the present con- 
sideration has been regarded as a pseudo-binary system. The 
development of this idea in connexion with electrolysis leads t o  
possible explanations of why in electrolysis it is, in many cases, the 
metastable and not the stable form of a metal which is deposited. 
It is also' shown that with a definite current density the metal 
forming the anode becomes more electro-negative, whilst a t  the same 
time t h e  cathode metal becomes less electro-negative, a t  least so 
far as their surface layers are concerned. The reason is offered 
for  the fact that, when a metal is brought into contact with a 
solution of one of its salts, an increased rate of setting up the 
internal equilibriuni of the metal is observed. The theory of 
allotropy leads to the view that  when a metallic compound is 
reduced to metal a t  the lowest possible temperature, a productl will 
be obtained which is fa r  removed from its internal equilibrium, 
and which consequently will show an abnormal chemical activity. 
This state of things is probably the explanation of the remarkabIe 
behaviour of pyrophoric metals. J. F. S. 

The Solution of Metals in Acids. A. THIEL (Zeitsch. EEektTo- 
chem., 1924, 20, 460--463).-Mainly polemical. The theory con- 
necting over-voltage and passivity as put forward by Centnerszwer 
and Sachs (A., 1914, ii, 550) is criticised. It is shown that a con- 
nexion between over-voltage and solution tension has not been 
proved, and that the slowness of the ~olut~ion of zinc in acid 
solutions has nothing whatever t o  d o  with passivity, The constant 
potsential differences of the electrodes of local elements, in t h e  
process of solution, are1 not,  the cause, but rather the result, of the 
discharge o f  hydrogen ions. I n  any attempts t o  explain the pheno- 
mena which accompany the solution of zinc in acids, it is necessary 
to  take into account the capillary relationships as well as the 
surface ancl over-voltage effects of metallic impurities. J. F. S. 

Passivity. 11. Influence of Substances of Different 
Chemical Nature  on the Passivity of Iron. FR. FLADE 
ancl H. KOCH (Xei tscb.  p?qsikal. Ghem., 1914, 88, 307-320).- 
When an iron electrode is placed in a O'lN-sulphuric acid solution 
and anodically polarised, a stationary condition sets in, in which 
a constant current passes, and the iron has a definite potential. 
If now the polarising potential is gradually changed, the electrode 
potential suddenly falls at  a definite point, the value which i t  
reaches representing tl sharp transition from the active to the 
passive condition (Flade, A, 1911, ii, 461). The present paper 
deals with the influence of various substances on the stationary 
potential and the transition potential. It is shown that the strong 
surf ace-active substances amyl alcohol, isobutyl alcohol, and 
isopropyl alcohol are without. influence, h o r n  which i t  follows 
that. the existence of the passive layer is independent of the surface 
forces. The addition of weak acids, including butyric, valeric, 
heptoic, oxalic, malonic, succinic, benzoic, and phosphoric acids, 
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causes the transition potential t o  move t o  the more positive side, 
that  is, there is less tendency for the iron t o  become activel in the 
presence of these acids. The oxidising agents, chromic acid and 
permanganic acid, either entirely prevent the iron from becoming 
active o r  by changing the transition potential render itj less likely 
to become active. The reducing agents sulphurous acid and phos- 
phorous acid tend t o  convert passive iron into the active form, 
whereas hydroxylaniine, hydrogen sulphide, and hydrogen cyanide 
are without influence. FIydrogen peroxide increases the current 
strength a t  the stationary point, and thus acts as a reducing agent. 
This effect is at  first' strong, but decreases with time. The transi- 
tion potential is moved by hydrogen peroxide to the more positive 
side, and in this action i t  behaves as an oxidising agent. The 
influence of ha,logen ions, added in the f orin of hydrochloric, 
hydrobromic, and hydriodic acids, is to cause passive iron to 
become act'ive under conditions which normally would ensure its 
remaining passive, The change from passive iron to active iron in 
these cases is preceded by an induction period. J. F. S. 

Passivity. 111. The Hydrogen Hypothesis. FR. FLADE 
(Zeitsch. phfylsikal. Chern., 1914, 88, 569-607. Coimpsre A.,  1921, 
ii, 461, and precediiig abstract).-The present paper opens with a 
long theoretical introduction, which purports to be an attempt t o  
decide between the oxygen hypothesis and the hydrogen hypothesis 
of passivity. The major portion of the discussion is a criticism of 
Rathert's paper, which favours the hydrogen hypothesis (A, 1914, 
ii, 243). The author states tha t  of Rathert's experiments which 
are supposed to  be decisive, everyone is open t o  objection, and none 
of them point t o  the correctness or  otherwise of either theory. The 
objections offered by Rathert t o  the methods adopted by the author 
for  thc deterinination of passivity or act,ivity in iron (Zoc. c i t . )  
do not apply t o  the method at  all. The view that  iron which has 
been ignited in a vacuum still contains hydrogen is extremely 
unlikely, and the statement, tha t  the activity of iron is brought 
about by small quantities of hydrogen, is without foundation. A 
number of experiments are then described on the passivity of 
chromium, from which i t  is shown that  i t  is possible f o r  passive 
chromium t o  give off hydrogen in acid without becoming active, so 
that  the hydrogen hypothesis in this case cannot be correct. 

J. B. S. 

The Influence of Molecular Constitution and Temperature 
on Magnetic Susceptibility. 111. The Molecular Field in 
Diamagnetic Substances. A. E. Oxmy (Phil. 7',rtcm., 19 15, 
[ A ] ,  216, 79--103j.--A paper, mainly theoretical, in which the 
author shows how observations relating tJo the change in the dia- 
magnetic susceptibility on the crystallisation of a substance may 
afford information concerning the inner structure of crystals and 
the intensity of the interacting molecular forces. 

Further experiments on the change of the diamagnetic suscepti- 
bility of organic substances in passing from the liquid t-o tlie 
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crystalline state confirm tlie previous observation tha t  aromatic 
substances show an  appreciable change, whilst aliphatic compounds 
exhibit little or no alteration in  susceptibility on solidification. 

On comparing. t he  percentage changes of susceptibility o n  crystal- 
lisation with the values obtained for the magnetic double refraction 
by Cotton and Mouton (A.,  1907, ii, 727;  1908, ii, 2, 745, 757; 
1909, ii, 773; 1910, ii, 368), a close parallelism between the two 
series of numbers is found, and this is considered to indicate tha t  
the two effects are coiiiiected. Mono-substituted benzene derivatives 
show changes of diamagnetic susceptibility on crystallisation, which 
are of the same order of magnitude. This is also trne of tlie 
values of the  magnetic Jouble refraction. Tlie nitro-group forms an 
exception in l>ot8h eases, in thsL its iirfiueiice is abiiortnally large. 
Tlie fact tha t  cyclolicxaiie affords a zero value for botli effects 
would seem t o  show that these tlepeiicl oii tlio degree of uiisatura- 
tion of the substance. H. M. D. 

y-Ratio of the Two Principal Specific Heats of Gaseous 
Mixtures. Applications. A. LEDUC (Compt. rend.,  191 5, 160, 
338-341).--A mathematical treatment of the problem (compare 
A, 1898, ii, 326). W. G. 

The Ratio k=C,/C, of the Specific Heats of Gases at 
Constant Pressure and Constant Volume for Different Pres- 
sures. K. S C H ~ L E R  (Ann. Physik, 1914, [iv], 45, 9 13--938).-The 
influence of pressure 011 the specific heat ratio lias been cxarriined 
in  a aeries of experiments with air, carbon dioxide, sulpltur dioxide, 
ammonia, and ethylene a t  pressures varying from 0.33 to 4 atino- 
spheres. The ratio was obtained from measurements of tlie velocity 
of sound in the gases by Beliii and Geiger’s modification (Bcr .  

Values of tlie ratio are recorded, which are derived (1) 011 tlie 
assurnptioii tha t  the gases obey t h e  simple gas laws, (2) by taking 
into accouiit the deviations from tlie gas laws. The secoiid series 
of values increrises iii all cases with iiicreasiiig pressure, arid the 
increment increahes with the  inngiiilude of tlie deviation of the 
compressibility from tha t  required by Royle’s law. This is seen 
from the following values: air, 1.404 at 0.5, 1 .411  zit” 3.5 akrn.; 
carbori dioxide, 1.288 a t  0.5, 1.307 at  3: atrn.; sulphur dioxide, 
1-273 a t  0.5, 1-34? a,t  2.5 stni.; ammonia, 1.297 a t  0.5, 1.410 at  
3.5 atm.; ethylene, 1.275 at’ 0.5, 1.334 a t  32 atm. 

., 1907, G;)‘)T) of tlie Kuiidt nietliod. 

H. M. D. 

Measurement of Specific Heat,. and Molecular Weight 
Determination. RIJDOLF EWALD (Ann. Phgsik, 19 14, [iv], 44, 
1213--1237).-The caloriheter described by  Neriist, Iliiiclernanii, 
and Koref (A, 1910, ii, 263) has been used i n  the measurement of 
the  mean specific heats of elements arid conipouiids over the tern- 
perature intervals55* and Oo, Oo axid - 7 8 O ,  - 78O and - 190°. The re- 
sult s obtained with certain nrnuioiiiuiii salts (chloride, iodide, and 
sulpliate) are anonlalous, in  t ha t  tlie specific heat between Oo and 
-78O is greater than tha t  betwecii 55O and 0 O .  Dilatonieter experi- 
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meiits have shown tha t  the change in  volume is quite normal over 
this range o l  temperature, aiid in corisequeiice the anomaly i n  the 
specific heat cannot be  attributed t o  the existence of a trailsition 
point. 

The specific heat-tcniperature curves are discussed in reference 
to the  Nernst-Lindemaiin and Debye forniulz, a ~ i d  fu:orn the  form 
of the experimental curves the conclusioii is drawn tliat cadmium, 
t in,  thallium, magnesium, a i d  iron are probably monatomic, whilst 
phosphorus, arsenic, bismuth, and antimony are polyatomic. In 
regard to the deduction of molecular weiglits froiii the temperature 
variation of t h e  specific heat, it( is pointed out t ha t  this method 
affords greater certainty in athe case of elements which consist of 
polyatomic molecules. 13. M. D. 

Regularities Connected with the Internal Work of Expan- 
sion on Warming Liquids and the Relationship of the Specific 
Heats of Liquids. F. A .  XCHULZE ( A i t s c h .  pk!/sikal. CIlf 111 .  191 4, 
88, 490--505).-A theoretical paper in which i t  is sliowii tliat the 
product of the1 molecular weight of most iiorrnal liquids and tlie 
differe'nse of t he  specific heats, t ha t  is, M((,'Tl - C U ) ,  is practically a 
constant a t  constant temperature (cornpare Tyrer, A., 1914, ii, 431). 
Associated liquids and some lion-associated liquids, however, d o  not 
show this regularity. Tlie expression M(C',, -- C,,) = K is developed 
mathematically, and in this coiinexion i t  is shown tliat tlie expres- 
sion can only be true fo r  corresponding reduced t,elriperatures aiid 
pressures aiid for iiori-associated liquids. The value (,',I C', is con- 
siderably greater ihaii unity for many liquids, aiid tlie values of 
('],/C, calculated from tlieri~ioc3yi~antical data and those obtained 
from the velocity of souiicl are ill close agreemelit with o i i ~  another. 

J .  F. S. 

Specific Heat. 11. Alkali Haloids. J. N. I h G N s i w  (Zeitsch. 
Elektrochem., 1914, 20, 554--556).-?'he spwitic. heats artd molecular 
heats of seventeen alkali haloids have been determined a t  loo. The 
dry salts were cooled t o  O0, axid trarisferred t o  a gold-plated silver 
calorimeter atl 19.6O. The temperature change was measured by means 
of a fine plativium resistance thermometer. Tlie following values of 
the specific heat were obtained : LiF, 0.3'725 ; NaF, 0.2610; NaC1, 
0.2027; NaBr, 0.1176; NaT, 0.0821; KF, 0.1997; KC1, 0.1614; 
KBr, 0.1031; KI, 0.0741 ; RbF, 0.1153; ItbC1, 0*1013; RbBr, 
0.0743; RbI ,  0.05Sl; CsF, 0.0796; CsC1, 0.0746; CsBr, 0.0582; 
and CsI, 0.0477. It is s'tiown tlmt with the exception of czsium 
chloride the molecular heat increases with increasing atomic weight 
of the metal, and also with increasing atomic weight of the halogen. 
Curves of the rela,tionship of the' molecular heat wit11 the molecular 
weiglit are given (compare A., 1912, ii, §97>. J .  F. S. 

Chemical Affinity. IX. Transition of Tin Allotropes. J. N. 
BRONSTED (Zeitsch. ph?yslikd. Chein., 191 4, 88, 479 -489).-The lieat 
of transition of grey tin into white tin anti the specific heat of 
both varieties of t in have been directly measured. Tlie heat evolved 
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by the change Sn=, -+ Sng,ey a t  T==273O has been found to be 
532 cal. per gram atom. The specific heat of both varieties was 
measured between 1' = 8Q0 and 1'= 273O, and the values found 
agree exactly with those previously deduced from ineasurements a t  
1'=283O (A, 1913, ii, 295). When it is assumed t'hat the Debye 
formula for specific heat is true between Oo and 60°, and that  the 
value of 0, a charaxteristic constmt, is 198 for white tin and 
253 for grey tin, then it is shown that  the course of the curves 
representing the relationship between temperaturel and heai; of 
transition (U-curve) and beheen  temperature and transition 
affinity (A-curve), is in strict accord with the Nernst heat theorem. 

J. F. S. 

Measurement of the Breezing-point Depression of Dilute 
Solutions. LEASON H. ADAMS (J. Amer. Chem. Soc., 1915, 37, 
481--496).-A method is described f o r  determining the depression 
of the f .  p. of dilute solutions by means of a 50-Junction copper- 
constantan thermo-element and a sensitive potentiometer system. I n  
order to secure a condition of stationary equilibrium, the solution 
is mixed thoroughly with a large quantity of ice in a vacuum- 
jacketed vesse1 surrounded by melting ice. The concentration of 
the equilibrium solution is determined by a zero method, using 
an interferomet,er as a means of comparison. 

The method has been tested by measurements of solutions of 
mannitol, potassium nitrate, and potassium chloride of concentra- 
tions ranging from 0.004.N to O-l&!, and the  results show that  i t  
has an accuracy of t - O . O O 0 l o .  E. G. 

Variation of the Crgoscopic Constant with the Molecular 
Weight of the Solvent, J. DE G U Z M ~ N  (IARRANCIO (Anal. Pts. Quam., 
1915, 13, 89-9S).--The author gives a series of tables showing the 
value of tlie cryoscopic constanb f o r  a number of solvenb. His 
results indicate that' increase in molecular weight for compounds 
of the same series is attended by an increase in the cryoscopic 
constant. This constant also appears to  be a periodic function 
of the elements, since it increases with augmentation of the atomic 
weightl for  the element's of the sanie group. A. J. W. 

Chloral Hydrate and Bromal Hydrate as Cryoacopic and 
Ebullioscopic Solvents. ERNST BECKMANN and MARIA MAXIN 
(Bey., 1914, 47, 2875--2880).-Au investigation of the applicability 
of chloral and bromal hydrates as solvents f o r  molecular-weight 
determination. The proximity of the transition point of two 
crystalline forms to  t'he freezing point of chloral hydrate makes it 
unsuitable as a cryoscopic solvent, but  i t  can be employed for 
ebullioscopy. Bromal hydrate is useful as a cryoscopic solvent, 
but decomposes t'oo readily t o  be used as an ebullioscopic solvent. 
Fo r  chloral hydrate the differences of temperature are small, and 
there is a tendency to fission of water and hydrochloric acid, so 
that  the results should be accepted with reserve. 

Bromal hydrate must be dry, and care must be taken to main- 
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tain uniform experimental conditions, such as external tempera- 
t'ure, velocity of crystallisation, and mode of operating. This solvent 
has a greater tendency t o  decompose than chloral hydrate. 

The ebullioscopic constant (I<) of chloral hydrate is 22.5, and 
the cryoscopic constant ( K )  df bromal hydrate is 110.4. The corre- 
sponding latent heats (20) are 121.4 and 19.31. A. J .  W. 

Ebullioscopic Behaviour ot Solvents at Different Pressures. 
11. Acetic Anhydride and Acetic Acid. EL~NST BECKMANN and 
OTTO LIESCHE [with JULIUS VON BossEJ ( ~ e z l s c h .  physikccl. Cheiti . ,  1914, 
88, 419-427 ).--The ebullioscopic constant of acetic anhydride 
has been determined a t  pressures from 1171 mm. t o  203 nun., using 
benzil as dissolved substance. Similar determinations have been 
made for  acetic acid a t  pressures from 1126 mm. t o  197 mm., using 
diphenylamine as dissolved substance. The results of these deter- 
minations are compared with other data, particularly the degree 
of associatdon, of these solvents. Acetic anhydride shows a slight 
association, which is in accord with the slight divergence from the 
normal value as shown by the Trouton rule. On the other hand, 
the ebullimcopic constant calculated from the VValden formula 
gives a value much in excess of that  determined experimentally. 
The constant for atmospheric pressure is 35.3, and from this the 
latent heat of vaporisation is calculated Lo 94.3. Acetic acid, 
despite its abnormal character, gives a constant which, with tho 
exception of that  from the Walden formula, agrees well with the 
calculated values. This is explained by the fact that  the association 
of acetic acid does not change much in the passage from liquid 
t o  vapour. The molecular weight of acetic acid in the vaporous 
condition is 102, thus showing an association factor of 1.7, and the 
value is not much changed by a change of pressure. Thel ebullio- 
scopic constant is 30.7, giving a latent heat of vaporisation of 
99-1. J. F. S. 

An Apparatus for Fractional Distillation in a Vacuum. 
A .  HEIDUSCHKA and E. KHEINBE~~GEH ( J .  pr .  Cl~em., 1914, [ii], 90, 
354--356).-The apparatus, which permila of continuous fractional 
distillation at  pressure's of less than 1/1000 mm., consists of the 
following parts, connected together with glass tubes, the junctions, 
where not fused together, being made air-tight by mercury seals: 
A distilling flask with a side-inlet tube which can be sealed off, 
and surmounted by a column with pear-shaped bulbs, in the top 
of which is fixed the' thermometer in a mercury seal. An Erlen- 
meyer flask into the base of which are sealed small glass bulbs with 
long necks t o  collect the distillate. A cup is fused round the neck, 
and the flask is connected with the side-tube of the column in such 
a way that  i t  can be rotated so as t o  bring the collecting bulbs in 
turn under the exit. The junction between the tube and the flask 
is made air-tight by filling t'he cup with mercury. Fused into the 
side1 of the Erlenmeyer flask is a tube leading in  turn t o  a flask 
containing wood charcoal, a manometer, a cathode tube, and two 
glass cocks. I n  use, after the substance has been placed in the 
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distilling flask and the inlet sealed off, the apparatus is exhausted 
by a water-pump connected t o  one of tlie cocks. Carbon dioxide 
is then let in through the otlier cock, aiicl the operation repeated 
two o r  three Limes. The water-pump is then cut off, and the 
exhaustion continued with a mercury pump attached t o  the second 
cock. The cathode tube is used t o  ascertain tlie height of the 
vacuum attained. When the distillation is completed, the collectr 
ing bulbs containing the individual fractions are sealed off whilst 
the vacuum is maintained. To render the two glass taps in the 
apparatus perfectly air-tight a mixture of lanoline and wax is 
recommended, in proportions suitable t o  the1 prevailing tempera- 
ture. G. F. M. 

Laboratory Apparatus for Fractional Distillation. 33. 
CHENARD (BUZZ. SOC. chim., 1915, [iv], 17, 38-41).---A reply to 
Vigreux (A., 1914, ii, 711). W. G. 

The van der Waals’ Formula (and the Latent Heat of 
Vaporisation). T. CARLTON SUTTON (Phil. Mag., 1915, [vi], 29, 
593---599).-In a recent papel; Applebey and Chapman (T., 1914, 
105, 734) have deduced a formula for the latent heat of vaporisa- 
tion which is shown t o  yield results in good agreenieiit with the 
values obtained from Young’s vapour-pressure measurements. The 
author points outl that  the Mills-Young values are also t o  be 
regarded as calculated values, and that these are obtained by a 
process very similar t o  that  employed by Applebey and Chapman. 
The chief difference lies in the fact that  Mills makes use of Biot’s 
formula, l o g p = A  3- Bat + CPt,  t o  express the relation between the 
vapour pressure p and the temperature t ,  whereas Applebey and 
Chapman use a form of van der Wads’ equation, in which b is 
dependent on tlie temperature. Since 71 varies uniformly with the 
temperatare, this equation may be written in Llie form : 

( p  + a /  v2)( 2; - 11 - vst) = A’/, 
where v =& / d t  =constant. The two formiilz for  the latent heat 
of vapmisation are thus derived from relations which approximately 
representl the same experiniental results. H. &I. D. 

The Boiling Points and Critical Temperatures of Homo- 
logous Compounds. ALLAN FEKGUSON (PhiZ. Nay. ,  1915, [vi], 29, 
599--608).-An empirical formula connecting the boiling points 
and the molecular weights of the normal paraffins is put forward. 
This may be written in tIie form log 8=k(logM)~,  in which B is 
the absolute boiling point, fM the molecular weight, avid I; = 1-929 
and s=0‘4134 are constants. The average difference between the 
calculated and observed temperatures for paraffins containing four 
to seventeen carbon atoms is equal to 0‘64O. 

The ratio of the critical temperature t o  the boiling point 
varies in a regular manner in the normal paraffins, and it is 
shown that this ratio ( O , / S )  is connected with the number of 
carbon attoms in the inolecule ( 1 1 )  by the relation S , / S = h l t / u ,  in 
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which h=1.841 and 9=0*120. The average difference between the 
calculated and observed values of the ratio 6 , / 0  over the range 
n = 2  tor n=lO amounts to  0.33%. 

By eliminating 8 from the equation 8,=h6/nO and any one of the 
several equations connecting the boiling point with the molecular 
weight, equations are obtained which express the relation between 
the critical temperature and the molecular weight. Using f o r  this 
purpose the equation log 8 =k(log M)s ,  the derived equation 
assumes the form log 8, =log h + E(1og M ) s  - g log n, in which k,  s, 
y, and h are const'ants having the values recorded above. 

Empirical formulz expressing the influence of substitution in 
the normal parafins are also discussed. It is shown that the 
boiling points of the primary alkyl bromides, t9,, are connected 
with those of the corresponding paraffins, 8 b B ,  by the equation : 

Sverage error over the range n = 3  to 12=8 is 0.73O. A similar 
formula f o r  the primary alcohols Ba - O r =  331.1/d*7450 gives the 
boiling points of the alcohols between n = 3  and n=10, with an 
average error of 2'04O. 

0u -- 6 p = 187.5 n0.436. 

H. M. D. 

The Temperature Relationship of Some B hysical Properties 
of Water in its Various States of Aggregation. IYAH, W. 
CEDERBERG (Phys ib l .  Zeitsch., 19 14, 15, 824-83l).-A theoretical 
paper in which temperature relationships of many physical proper- 
ties of water are considered. 

is developed from the Clausius-Clapeyron formula. I n  this expres- 
sion N is the logarithmic modulus, ho the' molecular heat of 
vaporisation at' the absolute zero, E an empirical constant, and C 
the integration constant. This constant is termed by Nernst the 
" chemical constantl." The paper deduces a method of calculating 
the value of C, and this is done for a number of substances. From 
the results i t  is shown that  with the exception of helium and 
hydrogen, C=log rO.+ 1.2, where r0 is the critical pressure, The 
vapour pressure of ice and liquid water can be expressed by the 
formula log r O / p =  a. P.U'//tr-~Js. (O,/T - 1) to the very lowest' tem- 
peratures. By combining this formula with the Clapeyron formula 
the heat of vaporisation of water and the heat of sublimation of ice 
are accurately calculated. The difference between the molecular 
heat of a saturated vapour a t  constant pressure and that  of the 
condensed product is calculated. It is shown that  this quantity 
( C p - c )  is very little influenced by temperature, and over the 
range 0--50° has a value -9.806, the value a t  Oo being -9.8, 
If the molecular heat of liquid wat'er a t  Oo is assumed to be 18, 
then C p = 8 * 2 ,  which is very near to that  required by the kinetic 
theory, 4R = 7-94. 

The formula: 
l0gj7= -Mho/R?'+1.7!5Iog T - M E I R .  Y+C, 

J. I?. 5. 

Calculation of the Heat of Vaporisation from the Berthelot 
Condition Diagram. J . KIDDICK PAWINGTON (Zeitsch. plqsikal.  
Chena., 1914, 88,297-306).-A theoretical paper. The latent heat of 
vaporisation of a number of liquids is calculated by means of the 
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formula h=27/64.  R 2 ( ( l ' k 2 / p k v 1 )  + BYl, due to Bakker, and by the 
formula h= 27/64 . R2.  (Tk3/pkv1l',) + RY1, deduced by the author. 
I n  the equations A is the molecular latent heat, zrl the volume of the 
liquid, Il 'k and p k  the critical tempe'rature and pressure respec- 
tively, 2', the boiling point, and E the gasconstant. It is shown 
that  with the exception of oxygen and nitrogen, the values calcu- 
lated by the second formula agree much more nearly with the 
experimentally determined values than do those calculated by the 
Bakker formula. Strongly associated liquids give quite difierent 
values in both cases. It is shown that  the Trouton rule is not in 
accord with the1 Berthelot equation. The theory of the heat of 
vaporisation of binary mixtures is discussed, and f ormulz are 
developed f o r  calculating this quantity. J. F. S. 

Gaseous (Inter)-metallic Compounds. H. VON WARTENBERG 
(Zeitsch. &!ekts.ochem., 1914, 20, 443--449).--The probability of the 
existence of gaseous intermetallic compounds is discussed in  con- 
nexion with the Nernsb heat theorem, and it is shown that such 
compounds can, in  general, only exist a t  low temperatures and 
small pressures. The two compounds MgZnz and Na,Hg are 
examined experimentally. The former compound is shown to have 
a heat of formation of 1314+180 cal. from measurements of the 
heat of solution of Mg, Zn, and MgZn,, and the reaction Mg,,,,+ 
2Zn,,, =MgZn,,,, a value of + 59000 cal. The compound Zn,Mg 
distils undecomposed a t  600°, but is completely dissociated a t  1300O. 
The vapour pressure of Na and NagHg has been determined at  
444O, and the following values obtained: 6-92 mni. Hg+3% for  
Na,Hg and 0.56 mm. Hg+6% for sodium. Attempts t o  determine 
the vapour density of Na,Hg failed entirely, but from the heat 
of formation, which was found t o  be1 13,000 cal.f10% for the solid 
compound, and distillation expe'riments, it is shown that  Na,Hg is 
stable in the vapour phase between 380° and 444O. J. F. S. 

Investigations on Ammonia. I. General Considerations. 
F. HABER (Zeitsch. &Zektrochem., 1914, 20, 597--604).-A r6sume of 
the results of a number of researches on ammonia to be published 
shortly. The equilibrium constant for the formation of ammonia 
from nitrogen and hydrogen in the) presence of osmium as catalyst 
a t  temperatures from 974O to 561O is given by the expression: 

log Kp=9591/4*571T-4.98/1.985 lOg(2') -0*00046/4.571(5?) + 
0.85 x 10-G/4.571(1'2) +2*10. 

Using uranium carbide as catalyst this expression can also be used 
f o r  temperatures up t o  l l O O o  and below 600O. The specific heat 
of ammonia gas is given by the' expression: 

C,= 3-62 + 0.0035t + 5.1 x l O - 6 t 2 ,  
and the1 heat of formation = 10950 + 4.85t - 0.00093t2- 1.7 x 10-6t3 
cal. The results of other experiments with molybdenum and tung- 
stien as catalysts are1 also given. J. F. S. 

Free Energy of SomeiCarbon Compounds. GILBERT N. LEWIS 
and MERLE RANDALL (J. Amer. Chem. Xoc., 1915, 37. 458--470).-1n 
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continuation of t+he work on free energy (A, 1913, ii, 112;  1914, ii, 
802, 840; this vol., ii, la), the authors have calculated the free 
energy of carbon and some of its compounds from existing data, 
and have' obtained the following values (in calories) for the free 
energy of formation (A Fo 298). Diamond, 520; carbon monoxide 
(gas), - 32,560 ; carbon dioxide (gas), - 94,360 ; carbonic acid (in 
aqueous solution), - 148,970 ; the ion, NCO,', - 140,140 ; the ion, 
CO,//, - 126,130 ; methane, - 12,800 ; carbonyl chloride, - 45,380. 

E. G. 

Heats of Formation of Acraldehyde and Metacraldehyde. 
E. VOISENET (Bull. Sue. chim., 1915, Liv], 17, 34--37).-The author 
has det?ermined the heats of combustion of acraldehyde and 
metacraldehyde by burning them in a Berthelot bomb calorimeter. 
Weighed quantities of the aldehydes were sealed in  glass bulbs, 
these being burst in the calorimeter by a small amount of com- 
bustdble material, the calorific value of which was exactly known. 
From the results of these experiments the heats of formation of 
the t w o  aldehydes were calculated, the values obtained being, for 
acraldehyde, 27.48 Cal., and f o r  metacraldehyde, 92.65 Cal. The 
reaction : 

is therefore slightly exothermic, giving 3.78 Cal. 
OH*C,H,* C€I (OH) *CH,* O H  = 2H20 + CH,:C'I-I CHO 

W. G. 

Theoretical Treatment of the Phenomena in Dilute Gases. 
35. VON SMOLUCHOWSKI (An%. Physik, 1914, [iv], 45, 623-624).-A 
correction of certain misconceptions in Baule's paper (A, 1914, ii, 
425) dealing with the phenomena exhibited by gases a t  very low 
pressures. The calculations made by Baule are considered to1 lend 
support to the author's views. H. M. D. 

The Heat Development in the Swelling of Colloids. ERNST 
ROSENBOHM (Koll. Chew. Beihpfte, 19 14, 6, 17 7-200).-The heat 
changes attending the absorption of water by various colloids have 
been measured by ineans of a Bunsen ice calorimeter. I n  the case 
of gelatin, the influence of dissolved salts and other substances on 
the thermal effect was also examined. 

Experiments' with car@fully dried substances in excess of water 
gave the following values for  the heat development per gram: 
gelatin, 36.0 cal. ; agar-agar, 35.5 cal. ; filtler-paper, 9.6 cal. ; pure 
cellulose, 12.9 cal.; cotton-wool, 20.8 cal.; hair, 17.0 cal. From 
experiments with gelatin containing variable1 amounts of absorbed 
water, i t  is found that  the &at change is practically confined to 
the initial stage of the swelling. When the gelatin has taken up 
about 50% of water, the further absorption is not accompanied by 
any appreciable heat effect. 

Experiments with air-dried gelatin and aqueous solutions of salts 
show that tho thermal effect depends on the nature of the dissolved 
substance and on its concentration. I n  the case of sodium and 
potassium chloride solutions, the thermal effect increases linearly 
with t'he concentration. Lithium chloride, potassium nitrate, and 
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ammonium nitrate show a maximum heat development a t  a parti- 
cular concentration. Potassium iodide shows a maximum a t  aboub 
l N ,  and this is followed by a minimum a t  about! 3 N .  Potassium 
bromide behaves similarly. 

I n  sodium sulphate, potassium sulphate, and potassium hydrogen 
sulphate solutions, the heat effect increases with the concentration 
of the solution, but the relationship is not linear as for the chlorides. 
Magnesium sulphate shows a maximum a t  about 1 molar conceii- 
tration. I n  potassium chromate and chrome alum solutions the 
heat of swelling is less than in water. This beliaviour of the 
chromium compounds is doubtless connected with the chemical 
action of these substances on the gelatin. 

I n  sucrose and glycerol solutions the heat of swelling is also less 
than in water, and diminishes approximately linearly as the con- 
centration increases. H. M. D. 

Heat Effect of Solution, R.Il. LEVALT-EZERSKI (J. Iiuss. I’hys. 
Chem. SOC., 1915, 47, 177- 185).--Purther development of the 
considerations of the author’s previous paper (A., 1912, ii, 737) 
leads to the conclusion that, when, with rise of temperature, the 
coefficient of contraction increases, solution takes place with genera- 
tion of heat, whilst, when i t  diminishes, heat is absorbed on solu- 
tion. Calculation by means of the data given by various authori- 
ties for solutions of various concentrations of K,SO,, MgClz,6H,O, 
NH,Cl, CaCl,,GH,O, Pb(NO,),, NaNO,, ZnS0,,7Hz0, and H,SO, 
shows that, the above rule is obeyed in each of’ these cases. 

Further calculations have been made in the following manner. 
Ths magnitudes of the coefficient. of contraction corresponding with 
dilution of an n% solution t o  (1) my&, and (2) I% (where I is less 
than m) at to are calculated, and are termed respectively k ,  and k,; 
similar calculations are then made for a higher temperature, the 
concentrations of the solutions being the same as before. These 
calculations have been made for lithium, sodium, .potassium, and 
magnesium chlorides, potassium bromide, sodium iodide, sodium, 
potassium, axid ammonium nitrates, sodium and potassium carbon- 
ates and sucrose. I n  all these instances i t  is found that, if rise 
of temperature is accompanied by algebraic increase of the differ- 
ence, kl - k,, the compound dissolves with development of heat, and 
inversely. With aqueous solutions of ethyl alcohol, not only is 
this rule obeyed a t  all concentrations, but the maximum heat 
effect accompanying mixing of the components corresponds with 
the maximum thermal change of the coefficient of contraction. 

Thomsen (“ Thermochemistry,” Vol. I.) states that  : “ Indepen- 
dently of the sign of the heat effect observed on diluting an aqueous 
solution, the change of the heat effect with rise of temperature is 
always positive.” The results of the author’s calculstions show that 
the coefficient of contraction on dilution always changes in  t h e  
xiegative direction with rise of temperature. T. H. P. 

Cohesion and Atomic Volume. P. LUDWIK (Zeitsch. pltysikd.  
Chem., 1914, 88, 632--637).-A theoretical paper i n  which the 
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expression C T ~  = Icn(T, - 5") is put forward as a relationship between 
the cohesion and the atomic volume. I n  the expression, uB repre- 
sents the resistance of a metal or  other subst,ance to a pull 
(zugfestigkeit,), k is a constant, 1% the reciprocal of thel atomic 
volume, and T ,  - T is the difference between the temperature of 
the melting point and the experimental temperature, both in 
degrees absolute. The value of c8 is a t  a maximum a t  T=0, and 
then has the value hT,, and this is approximately proportional t o  
c / a .  y, where c is the specific heat, a the coefficient of expansion 
a t  th'e same1 €emperature as c is determined, and y the specific 
gravity (A., 1914, ii, 631). A series of values of uo calculated f o r  
T'=290° by the formula are compared with the experimentally 
determined values, and a moderate! agreement is obtained. 

J. F. S. 

Compressibilities of Mercury, Copper, Lead, Molybdenum, 
Tantalum, Tungsten, and Silver Bromide. THEODORE W. 
RICHARDS m d  EDWARD P. BARTLETT (J .  Amer. Chem. Xoc., 1915, 37. 
470--481).-An account is given of the1 determination a t  20° of 
the compressibilities of certain substances between 100 and 500 
megabars by the method used in earlier work (A., 1904, ii, 384; 
1907, ii, 858; 1909, ii, 214; 1912, ii, 896). I n  the most accurate 
experiments the1 piezometer was made of soft steel instead of glass, 
in order t o  obviate the hysteresis of glass under high pressure. 
The results have shown, however, that  this difficulty had already 
been overcome by the method of manipulation, and that  the earlier 
results are actually quite as satisfactory as was supposed. The 
difference8 in the final values of the compressibilities are due chiefly 
t o  a change ir, the assumed compressibility of mercury which has 
been referred t o  a new absolute value for iron (0.61 x 10-6). 

The compressibilities found expressed in the megabar standard x 
106 (A,, 1904, ii, 385), are as follows: copper, 0.76; lead, 2-35; 
mercury, 3.96 ; molybdenum, 0.47 ; tantalum, 0.54 ; tungsten, 0.28 ; 
silver bromide, 2.70. The compressibilities of tantalum and tung- 
sten have no€ been determined previously; the values found f o r  
copper, iron, and lead agree well with those obtained by Gruneisen 
(A., 1911, ii, 188). It4 is pointed out that  tungsten seems to have 
the smallest compressibility of any of t h s  substances hitherto 
stndied. E. G. 

The Mechanical Anisotropy of Metals and Alloys with 
Large Grains, and the Ball Test. A .  FORTEVTN (Compt. rend., 
1915, 160, 344-346. Compare A., 1913, ii, 479, 598).-The author 
has examined the hhape of the impress formed by the dropping 
ball in the case of various alloys possessing a coarse-grain structure. 
Examples have been taken where only one grain has been struck 
under various conditions, and where several grains, similarly orien- 
tated, have been struck. The results show that  the impress on 
each grain is far from being circular on account of the mechanical 
anisotropy of the grain. The results explain why the impressions 
obtained in the case of metals and alloys with large grains, orien- 
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tated in a manner such that  several grains are deformed, are 
extremely irregular, and d o  not give any exact measurements. 

W. G. 

Viscosity of Liquid Mixtures. 11. A .  N. SACHANOV and llr7. A .  
RJACHOVSKI (J .  Russ. Phys. Chem. Soc., 1915, 47, 113-133. Compare 
A., 1914, ii, 343).-1tl has been shown that the viscosity of a 
mixture of two' liquids is represented by thel equation: 

where x is the proportion of the second component per mol. of the 
mixture, and n is a constant. According t o  the law of additivity, 
this expression should be: 

From these relations i t  follows that :  

where 

The constant ?z wiil have the value 2 in the simplest case, but will 
in general be somewhat less than 2, so t,liat li will always be positive 
and the viscosity of the mixtiire always less than the calculated 
additive value. Equation (4) gives : 

and from this, if  q1 be taken t o  be greater than q j 2 ,  i t  follows that 
the greater the difference between the viscosities of the two com- 
ponents the) greater wvill be k and the greater the deviation of the 
viscosity curve from the straight line representing additivity. Of 
all the binary mixtures of non-interacting components which have 
been previously examined, benzene-tetrachloroethane a t  Oo is the 
only one giving a slightly convex viscosity curve, that  is, a negative 
valuel of k. This exceptional result appears t o  be due t o  the anoma- 
lous behaviour of benzene at low temperatures (compare Batschin- 
ski, A., 1913, ii, 928), and this conclusion seems t o  be confirmed 
by Linebarger's observation (A., 1896, ii, 408) that  at  2 5 O  the same 
mixtures yield a, concave viscosity curve, and, consequently, a 
positive value for k .  

Equations (1) and (3) apply more generally than t o  the viscosity 
alone, many other properties of liquid mixtures obeying approxi- 
mately the same relations. Thus, Herzen (A., 1903, ii, 132) found 
that  the surface tension of liquid mixtures is not a linear function 
of the composition, the form of the curve depending on the van 
der Waals' equation f o r  the magnitude n, and Stefan's relation 
between a and the surface temion. Equation (3) is analogous t o  
that  expressing the volumes of liquid mixtures (compare von Biron, 
A,, 1910, ii, 393), but, in the latter case k may be either positive or 
nepative, corresFonding with contraction or  expansion on mixing. 

Equation (1) or  (3) is applicable when the components of the 
mixture exhibit' no chemical interaction o r  depolymerisation, the 
curve taking a higher course if such an effect is present. I n  some 
instances, chemical interaction of the two Components results in  
the formation of extremely viscous, non-crystallising compounds, 

q=q1(1 -x)2+q&+ ?"2/r192 . x(1 -x) . . (I), 

B=yl( l -x)+v]2x (2) . . . . . .  
. . . . . .  q=H-kx(1-x) ( 3 ) J  

-~ . . . . . .  k=ql+172-?Ld/171y2 (4). 

dk/dql= 1 -?2'2/ql/172/2 . . . . . .  (5), 
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the interaction proceeding to an end. I n  such cases the viscosity 
curve consists of a steep ascending branch and a steep descending 
one, the point of intersection corresponding with the compound 
formed. The viscosities of these compounds may be hundreds of 
times as great as those of the constituents. Of this type are the 
systems investigatled by Kurnakov and his collaborators (A., 1913, 
ii, 190, 388). More commonly, however, the reaction between the 
components is restricted, and proceeds only as far as a stage of 
equilibrium between the compound and its constituents. The corre- 
sponding viscosity curves may either show a qaximum, or be convex 
with no maximum, or be rectilinear o r  have the ordinary concave, 
hyperbolic form obtained with non-interacting components. 

With similar intensity of interaction, the influence of complex- 
foirmation on the form of the curve will increase as the difference 
between the viscosities of the components diminishes, and only 
when this difference is small is the viscosity curve capable of giving 
an indication of a slight chemical interaction. 

These considerations are entirely borne out by the authors' 
measurement8 at Oo and a t  2 5 O  of the viscoisities of binary mixtures 
of ketones and simple ethers with various halogenated hydro- 
carbons. 

The first group of systlems investigated comprises (1) those con- 
taining relatively slightly halogenated derivativee, such as ethyl 
bromide, chlorobenzene, dichloroethane, etc., and (2) thosel formed 
by highly halogenated compounds, such as carbon tetrachloride or 
tetrachloroethane. These systems exhibit no sign, in the form of 
developmentl of heat or  marked change in volume, of chemical 
interaction, and their viscosity curves are typical examples of the 
normal, more o r  less concave form. The other group consists of 
systems composed of such halogenated derivatives as dichloro- 
methane, chloroform, tetra- o r  penta-chloroethane, and of the same 
ketones and esters as before, namely, acetone, ether, acetophenone, 
phenetole, and diphenyl ether. These1 systems are1 characterised by 
chemical interaction between the1 components, such interaction 
being less marked with the aromatic ketones and ethers than with 
those of the aliphatic series. I n  spite of this interaction, the 
viscosity curves f o r  acetone-dichloromethane, acetone-tetrachloro- 
ethane, acetone-.pentachloroethane, ether-tetrachloroethane, ether- 
pentachloroethane, and phehetole -chloroform are, in good agreement 
with equation (3), the1 deviations never exceedinp 1-3% With 
acetophenone-chloroform and diphenyl ether-pentachloroethane, the 
curves are rectilinear, sol that  the value of k in equation (3) is 
zero. This accordance with equation (3) is shown tot be due t o  the 
f a d  t h a t  the complex formed by the two components contains, in 
all these cases, one molecule of each component (compare Dolezalek 
and Schulze A, 1913, ii, 482). To the svstems. acetone-chloroform, 
ether-chloroform. acetophenone-tetrachloroethane, and aceto- 
phenonek-pentachToroethane, equation (3) is inapplicable. 

The structures usually accepted f o r  these double compounds of 
ethers o r  ketones with halogenated derivatives represent the oxvgen 
a s  quadrivalent, and, according to  these formulae, the chloroform 
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or other halogenated compound plays the par t  of a very feeble acid, 
since the oxonium linking possesses a clearly marked basic char- 
acter. From the authors’ results i t  appears t ha t  only compounds 
containing a considerable proportion of the negative halogen atom, 
such as chloroform, tetra- and penta-chloroetlianes, and, to1 a less 
extent, dichloromethane, exhibit appreciable acidic properties, and 
are able t o  react with ethers and ketones. Such acidic properties 
and ability t o  react with ethers and ketones are not shown by 
carbon tetrachloride and hexachloroethane, which contain no 
hydrogen atom. 

I n  view of Fingliam’s assertion (A., 1906, ii, 218) tha t  the fluidity 
of binary mixtures is a linear function of the1 composition (see also 
A., 1914, ii, 343), the authors have calculated the values of the 
Auidities for  such mixtures as show absence of int’eraction between 
the composnents. Marked deviations from the1 linear relation are 
found in all these cases, irrespective of whether the compositions 
of the mixt’t-tres are expressed as percentages by weight or  volume 
or as molecular percentages ; the extent of the deviation increases 
with the difference between the fluidities of the1 components. 

T. H. P. 
Viscosity of the System Aniline-Allylthiocarbimide. N. 

KURNAKOV and J. KWJAT (Zeitsch. phqsikul. Chern., 1914, 88. 
401--413).--Since aniline and allylthiocarbimide readily react t o  
form phenylallylthiocarbamide, the above-mentioned system was 
examined by determining the viscosity of mixtures of phenylallyl- 
thiocarbamide and aniline or allylthiocarbimide. The measure- 
ments were carried out a t  100° and 125O by the method previously 
described (Kurnakov and Schemtschuschny, Zeitsch. phgsikcr7. 
Ghem., 1913, 83, 488; Kurnakov and Jefremov, ibid., 1913, 85, 
401). It is shown that, the  viscosity curve of the system belongs 
to the “rational” type, and possesses an inflexion point for the 
relationship 1 : 1 of the components. This point, which corre- 
sponds with phenylallylthiocarbamide, is also obtained in the 
fusion curve diagram. The ternary syst’em, aniline-allylthiocarb- 
imide-toluene, is also examined in the same way, and i t  is shown 
that  the position of the inflecticn point; is not changed by the 
presence of t h e  third substance. I n  the latter case the viscosity 
measurements were made a t  8 5 O  and looo; the temperature-coeffi- 
cient of the viscosity is calculated in all cases, and three dimen- 
sional diagrams are given. 

A .  DTETL (Koll. C h m .  Beihf2ft~, 1914, 
6, 127--146).-The rate a t  which acids are absorbed from aqueous 
solution by wool has been investigated by experiments a t  20° with 
hydrochloric, hydrobrornic, nitric, sulphuric, phosphoric, formic, 
acetic, propionic, butyric, oxalic, and succinic acids. If n denotes 
the equilibrium concentration of the acid in the wool, and x the 
Concentration after an  interval t ,  and i t  is assumed that  the 
sorption velocity at  any moment is proportional to the difference 
n - .x as represented by the equation dxldt = k ( n  - x), values are 
obtained f o r  the coefficient li: which decrease as the sorption pro- 

J. F. S. 

The Kinetics of Sorption. 
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ceeds. On the further assumption that t'he process is autocatalyti- 
cally retarded, the sorption velocity a t  any moment is represented 
by the equation dx/dt = (k, - k,x)(n - z), and the observations are 
found t o  be represented quite satisfactorily by the integrated form 
of this equation, k,(l - qa) = 1 I t .  loga(l - TX) / (a  - z), in which 
y = k , / k l .  The nature of the retarding autocatalytic action has not 
been established, but  i t  is suggested that itl may consist in a diminu- 
tion of the rate of diffusion brought about by the absorbed 
substance. 

From an examination of earlier experiments in which the 
kinetics of other sorption processes have been investigated, itl is 
found that the data cannot in general be represented by the simple 
equation dxld t  = k(a - x). H. M. D. 

Kinetics of Adsorption. R. MARC (Zeitsch. Elektrochem., 19 1 4 ,  
20, 515-424j.-Experiments are described on the adsorption of 
dilute solutions of gum arabic and starch by strontium and barium 
carbonate under varying conditions of stirring. The solutions were 
agitated by a rotary stirrer, which made from 100 to 2000 revolu- 
tions per minute, and the high rotation experiments were effected 
under a pressure of 10-15 atms. of nitrogen. The apparatus was 
so constructed that  small portions of the solution could be instan- 
taneously removed from the reaction mixture and analysed by a 
Zeiss interferometer. It is shown that  with rapid stirring the 
velocity of adsorption inkreases with the intensity of the stirring, 
and when the number of rotations is 1800-1900 per minute the 
adsorption equilibrium is reached in less than six seconds. From 
the adsorption-iime curves it is shown that adsorption does not 
follow the proportionality law, but  in the first few seconds it is 
rapid, as shown by the rapidly rising curve; itl then slowly 
approaches the equilibrium value, as shown by a bend in the curve 
and then a slow rise. Equations are deduced w&ich represent the 
adsorption, and the results calculated from these compared with 
the experimental results. The adsorption velocity, as Gel1 as that  
of all heterogeneous processes, is shown to be conditioned by the 
diffusion, and to be dependent on the number of rotations of the 
stirrer per unit of time. By diffusion, however, is t o  be understood, 
not a free diffusion through an undisturbed layer, but a diffusion 
brought aboutl by an attractive force. J. F. 8. 

Influence of the Nature of the Adsorbent in Adsorption 
from Aqueous Solution. €3. FREUNDLTCR and A .  POSER ( K o l l .  
Chsm. Bezhefte, 1914, 6 ,  297--328).-1n vi-m of the fact that  the 
majority of previous observations on adsorption from solution have 
been made with some form of charcoal, experiments were planned 
with the olbject of determining the influence of the nature of the 
adsorbent on the phenomenon. For this purpose comparative 
experiments were made with alumina, bolel, and animal cliarcoal. 
The choice of these substances was partly determined by the fact 
that  alumina becomes positively and bole negatively charged in 
contact with solution, whilst animal charcoal shows no appreciable 
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contact potential. The' adsorbed substances consisted for the most 
part of basic and of acid dyes, and of salts of the alkaloids and 
certain other organic bases. 

I n  nearly every case the variation of the quantity of adsorbed 
substance with the concentration of the aqueous solution can be 
represented by means of the usual adsorption equation. The 
quantity of strychnine nitrate taken up from solution by bole and 
animal charcoal is, however, nearly independent of the concentra- 
tion, and the adsorption equation is not applicable in this case. 

The assumption tha t  a positive adsorbent will adsorb only acid 
dyes and a negative adsorbent only basic dyes is shown to be at  
variance with the results obtained. There is undoubtedly a prefer- 
ential adsorption in the above sense, but basic dyes are1 adsorbed by 
positive alumina tot quitre an appreciable extent. 

The negative colloid arsenious sulphide is adsorbed by positive 
alumina ; the positive colloid ferric hydroxide is similarly adsorbed 
by negative bole, and both colloids are adsorbed by neutral 
charcoal. I n  all three cases, the quantity of adsorbed colloid is 
independent of its concentration in the aqueous layer. 

Some experiments were also made witlh aqueous solutions of 
benzoic and of salicylic acid, and with solutions containing both 
these acids. Each acid is adsorbed from the mixed solutions in 
accordance with an exponential equation, and the total acid 
adsorbed is found t o  be practically equal t o  that, wliich would be 
adsorbed from a solution of either of the acids the concentration 
of which is equal to that of the mixture. II. M. D. 

The Adsorption Capacity of Talcs and  Kaolins. PAUL 
ROHLAND (Kolloid.  Zeitsch., 1914, 15, 180--182).-Talcs and kaolins 
are capable of adsorbing considerable quantities of dyes from 
aqueous solutions. The adsorptiion capacity depends on the colloid 
nature of the talc or kaolin, and the more pronounced this is, the 
greater is the adsorption capacity. The results obtained with talc 
show, further, that, in general, the extent to which dyes are 
adsorbed increases with the colloid character of the dye. The 
adsorption Fewer may theref orel be employed in differentiating 
between crystalloid and colloid dyes. Since certain dyes yield 
molecular disperse systems in dilute solution and colloid systems in 
more concentrated solution, the adsorption capacity may also be 
used in the investigation of the transition from the crystalloid t o  
the colloid condition. 

Since1 the adsorption capacity of the kaolins, as well as the 
plasticity and the readiness with which they adhere t o  vegetable 
fibres, are dependent on the colloid character of the kaolin, i t  is 
evident, that. their behaviour towards organic dyes may be usefully 
employed in forming an estimate of the suitability of the kaolins 
f o r  use in the ceramic and paper industries. H. M. D. 

Adsorption and tbe Surface Tensions of Aqueous Solutions 
of Homologous Fatty Acids and  Alcohols. MARKS NEIDLE 
(J. Amer. Chem. Soc., 1915, 37, 513--515).-Morgan and Neidle (A., 
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1914, ii, 33) have determined the surface tensions of aqueous solu- 
tions of methyl, ethyl, and amyl alcohols and of formic and acetic 
acids, and have confirmed the Duclaux relationship for these 
sub st anoes. 

A physico-chemical interpretation of the Duclaux equation has 
now been deduced, which leads to the conclusion that  in dilute 
aqueous solutions of the fatty acids the adsorption a t  a given tem- 
pera!ure and surface tension is inversely proportional to the van't 
Hoff factor, butl that  itl is the same f o r  homologous aliphatic 
alcohols . E. G. 

Adsorption. XI. Hysteresis of the Extent of Hydration 
of Cellulose. A .  V. RAKOVSKI (J. Russ. Phys. Chem. Soc., 1915, 47, 
18-21. Compare A., 1914, ii, 434).-The author has investigated, 
by van Bemmelen's method (A., 1911, ii, 470), the chemical hystere- 
sis of cotton-wool, filter-paper, flax, and hemp a t  19*, the last two 
having been previously washed successively with water, alcohol, 
ether, alcohol, and water. The curves connectling vapour pressure 
with the proportion of water present are almost coincident for filter- 
paper and cotton-wool, but a t  pressures exceeding 1 2  mm. the 
former contains rather more water than the lather. F o r  the condi- 
tions employed, the velocity of adsorption is greater than for 
starch, the attainment of equilibrium occupying five to seven days, 
or,  for pressures abm7e 14 mm., three t o  five days; in a desiccator 
containing 1% sulphuric acid solution the establishment of equili- 
brium is doubtful. I n  general, dehydration proceeds more slowly 
than hydration. The hysteresis exhibits a maximum of 1.8% of 
water, and is somewhat less than with starch. Separate calculation 
of t h p  hydra tion aud dehydration results obtaine'd by Masson and 
Richards (Proc. €?my. SOC., 1907, [ A ] ,  78, 412) f o r  cotton-wool and 
filter-paper shows them to be in very fair agreement with those 
obtained by the author. T. H. P. 

Adsorption and Capillarity from the Point of View of the 
Second Law of Thermodynamics. M. POLANYI (ZsitscA. physikal. 
Chena., 1914, 88, 62%-631).-A theoretical paper in which the 
following points are considered mathemat'ically : (1) The influence 
of the swelling of a colloid and adsorption; (2) adsorption in 
colloidal solut?ons and the effect, on osmotic pressure; (3) the freez- 
ing point of the solvent taken up in the gel; (4) adsorption iso- 
thermals and the electro-potential curves ; (5) mutual repulsion 
of adsorbed substances; (6) the surface1 tension at the boundary of 
t w o  liquids; and (7) rnut'ual repulsion of liquids a t  solid surfac&. 

J. F. S. 

The Change from Ordered to Turbulent Flow in Capillary 
Tubes. I. WALTHER SORK AU ( PhpvsiknZ. Z e h c h . ,  1 9 I 4, 1 5, 
768-772).-A series of viscosity measurements have been mads 
with benzyl alcohol under various pressures and a t  temperatures 
from 2 5 O  to  50°. The absolute viscosity-coefficient has bemen calcu- 
lated in eiach case, and the following values found : 2 5 O ,  0.05054 ; 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
15

. D
ow

nl
oa

de
d 

on
 2

4/
10

/2
01

4 
20

:2
5:

20
. 

View Article Online

http://dx.doi.org/10.1039/ca9150805193


ii. 236 ABSTRACTS OF CHEMICAL PAPERS. 

30°, 0.04326; 35O, 0.03739; 40°, 0.03288; 45O, 0.02906; and 50°, 
0’02574. The critical pressure and critical time for non-turbulent 
flow are calculated for  each temperature. It is shown that the 
value of the velocity necessary t o  change non-turbulent flow into 
turbulent flow decreases with increasing telmperature. The critical 
vellocity is given by the formula Ucvc. = V / t  . p, where V is the 
volume of liquid passed through, q the area of the capillary, and 
t the time. The Reynolds’ constant K is calculated for each tern- 
perature from the formula K = rll  Ujcrit /I?, where D is the density of 
the benzyl alcohol, 7 the viscosity-coefficient, and T the radius 
of the capillary. J. F. S. 

Liebig’s Views on Osmotic Pressure. I. P. OSIPOV (J. Buss. 
Phys. Chern. Soc., 1915, 47, 26-29).--The author urges the recogni- 
tion of von Liebig’s work on osmosis, which is referred to1 only 
cursorily in such standard text-books as Ostwald’s “ Lelirbuch der 
Allgemeinen Cliemie ” and Clivolson’s “ Physics.” T. €3. P. 

Influence of Sucrose and Alkali Chlorides on the Solvent 
Power of Water. J. C. PHILIP and A. BRAMLEY (T., 1915, 107, 
377--387).-The solvent power of water is influenced by the pres- 
ence of either electrolytes or non-electrolytes, and the suggestion has 
previously been developed that this is due to the hydration of the 
added substance (T., 19017, 91, 711). Experiments have now been 
carried out with the object of ascertaining how thel magnitude of 
this effect varies with the nature1 of the added substance, and how 
far it is independentl of the non-electrolyte employed in measuring 
the solvent power of t h s  water. The distribution method was 
employed, the variation in the partition-coefficients of ethyl acetate, 
phenol, and acetone between benzene or petroleum and aqueous 
solutions of sucrose or alkali chlorides being determined. The 
results obtained with sucrose solutions emphasised thel conclusions 
previously reached (Zoc. cit .) that  nonelectrolytes can influence the 
solvent power of water, ana tha t  the phenomenon is not an ionic 
function as maint’ained by Levin (A., 1906, ii, 527). The “equiva- 
lent relative lowering of solvent power” was found t o  increase 
with the1 dilution in  every case, and since this was observed with 
varying solutes, the effect is due t o  a factor involving only sucrose 
and the water, which becomes relatively more important as the 
proportion of water increases. Thel hypothesis of the hydration 
of the sucrose fulfils these conditions, and calculations based on the 
values observed would give a molecular hydration from 6.5 in con- 
centrated solutions t o  11 in the dilute solutions. Of the results 
obtained with the alkali chlorides those with sodium chloride are 
regarded as the most trustworthy, and with i t  the values obtained 
for  the lowering of the solvent power were the same for both ethyl 
acetate and phenol, thus affording evidence that  the values obtained 
with either of these distributed substances were a real measure of 
the extent t80 which the solvent power of the water had been 
affected by the sodium chloride. The agreement in the case of 
potassium and lithium chlorides was not so good, probably owing t o  
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their quite appreciable solubility in the distributed substances, 
which naturally produces disturbing influences in the partition- 
coefficients. Of the three reference substances used, acetone was 
the least satisfactory in every case, since all the alkali chlorides 
are distinctly soluble in it. On the assumption that  the lowered 
solvent power of water is due t o  the hydration of the molecules and 
ions in solution, i t  is calculated that  tha average molecular hydra- 
tion of sodium chloride lies between 9-5 (for 4N-solution) and 17.8 
(for 0.5N-solution), and of potassium chloride 8.6 and 16.4 for 
solutions of the above strength. G. F. M. 

Physico-chemical Studies ot Solutions of Palmitates. KUKT 
ARNDT and PAUL SCIZIFF (ILoll. C'hem. Beahefte, 1914, 6, 201-230),- 
As a means of contributing to a knowledge of the properties of 
soap solutions, the authors have investigated t3he electrical conduc- 
tivity and the viscosity of 0 - I N -  and O-OlN-solutions of sodium and 
potassium palmitate atl temperatures between 2 5 O  and 8 5 O .  Observa- 
tions were also made in order to elucidate the nature of the coagu- 
lation process. The coagulated soap consists of a mixture of acid 
and normal palmitate, the composition of the mixture varying with 
ths concentration of the solution. The coagulation process con- 
sists in the reversible transformation of the sol into the gel form, 
butP equilibrium is only attained very slowly. For this reason, 
differences in the electrical conductivity atl a given temperature are 
usually found, according t o  whether the palmitate solutions are 
cooled on the one hand, or whether the gel forms are raised to 
this temperature on the other. 

The coagulation temperature depends, not only on the concentra- 
tion of the solution, but also on the nature of the cation. For the 
sodium salt., the temperatures are about 30° higher than for equally 
concentrated solutions of the potassium salt. Differences are also 
found in the effect produced by the addition of the corresponding 
chlorides, in that  the addition of an equivalent quantity of sodium 
chloride to a 0-1N-solution of sodium palmitate raises the coagula- 
tion temperature by 7O, whilst the addition of potassium chloride 
to a solution of potassium palmitate has no appreciable effect on the 
coagulation process. H. M. D. 

Metastable Continuation of the Fusion and Mixed Crystal 
Curves, and the Connexion between Monotropy and Eoantio- 
tropy. A .  SXITS (Zeitsch. physikal. Chern., 1915, 89, 257-270)- 
A theoretical paper in which a number of possibilities, concerning 
the continuation of the fusion and mixed crystal curves of binary 
systems, are cxsidered. From the considerations it follows that a 
temperature homdary exists for a solid substance, and if this is 
the case it follows that a similar limiting temperature must exist 
for the co-exktence of two solid substances. The transition from 
the monotropic condition into the enantiotropic condition is con- 
sidered, aad it is shown that the conditions of the transition are 
deducable in a simple manner from the theory of allotropy. It 
is also shown that the transition curve can commence a t  the meta- 
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stable transition point, or  a t  a point where the co-existence of the 
two solid phases becomes possible. It is also shown thatl the 
metastable fusion curve does not always meet the vapour-pressure 
curve of the! liquid, so that  a triple point, solid-liquid-vapour, 
appears. The met'astable fusion curve can either continue to  the 
absolut8et zero:, without meeting the vapour-pressure curve, or i t  can 
take its origin at  some higher temperature. This means that whilst 
it is possible for monotropy to be absent under the vapour pressure 
of the system, yet under higher pressurea enantiotropy makes its 
appearance. J. F. S. 

Liquid Crystals and Colloids. 0. LEHMANN (Kolloid. Zeiisch., 
1914, 15, 65--75).-An account is given of the observations which 
led t o  the elucidation of the nature of liquid crystals. Although 
the liquid crystal state would appear to  resemble the colloidal 
state in certain respects, the anisotropy associated with the former 
affords a certain criterion for differentiating between the two. The 
closer investigation of many substances classified as colloids will 
probably show that  some of them belong to the group of liquid 
crystals. €3. M. D. 

The Colloid Chemistry of Indicators. A. HANTZSCH (Kolloid. 
Zeitsch., 1914, 15, 79--83).-Acoording to Ostwald (A . ,  1912, ii, 439),  
the1 changes of colour of indicators in acid and alkaline solution 
are in many cases attributable to changes in the1 degree of dis- 
persity. The author contends that the observations which are 
brought forward as evidence in support of this view are due t o  the 
presence oi foreign substances in the commercial indicators em- 
ployed. Chemically pure helianthin, methyl-orange, and Congo-red 
do not yield colloidal solutions under the conditions in  which they 
are employed as indicators, and it is probable that  the colloidal 
character of solutions of many others is entirely duel t o  impurities, 
It is shown, further, that  the colloid condition plays no part in the 
colour changes of indicators in ordinary circumstances. Such 
colour changes are quite different from the changes which are 
exhibited by colloidal metals, and can in all cases be satisfactorily 
interpreted on chemical grounds in terms of two or more isomeric 
forms which have different colours. H. 31. D. 

The Colloids in Pgridine. A. PIERONI and 13, GIRARDI (Kolloid. 
Zeitsch., 19 14, 15, 159-1 64).-The author describes the pi eparatiori 
of colloidal solutions of metals in pyridine by the interaction of 
metallic salts  *ith pyrogallol in pyridine solution, followed by the 
addition of water. The! metallic salts used were silver nitrate and 
acetate, mercuric chloride and acetate, cupric chloride, nitrate and 
acetate and nickel chloride, nitrate and acetate. Differences in 
behaviour, as shown by the quantity of watler which must be added 
t o  bring abo'ut coagulation, are mainly determined by the acid 
radicle. The chlorides of the different metals exhibit close simi- 
larities in behaviour, and this is also true for the nitrates and for 
thme acetates of the various metals. H. M. D. 
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Measurement of the Protective Action of Protective 
Colloids. JULIUS G R ~ R  (Zeitsch. phgsika?. Chem., 1914, 88, 
414418).-The action of protective colloids on colloidal platinum 
is determined by measuring the rate of decomposition of hydrogen 
peroxide by colioidal platinum with and without the addition of a 
protecting colloid. The author measures the time required for the 
decomposition of 50% of the hydrogen peroxide. The following 
results are obtained for the action of gelatin: unprotected colloid 
decomposes 50% of the hydrogen peroxide' in thirty minutes, and 
addition of 0.001% gelatin increases the time to 131 minutes; 
0.01% gelatin, 138 minut<es; 0.05% gelatin, 186 minutes; and 0.10% 
gelatin, 295 minut,es. I n  alkaline solution the protective action 
is not so' marked, the rate of decomposition being reduced only 
about one-third. Comparative measurements are made of the pro- 
tective action of gelatin, gum arabic, and dextrin. The order of 
protective action is that  given above, and i t  persists f o r  all concen- 
trations from 0.1% to O*OOOl%, the relative values being approxi- 
mately the1 same as those found by Zsigmondy by means of the 
gold numbers. J. F. S. 

Emulsions. Adsorption of Soap in the Benzene-Water 
Interface. T. R. BRIGGS (J. Physical Chem., 1915, 19, 210-231). 
-A theory, based on the Gibbs' equation, u= - c f BT . du/dc, for 
the relatioiisliip between the surface tension of a solution and the 
distribution of a dissolved substancel between the body of a solution 
and the interfacial film, is developed for the concentration of a 
dissolved substance1 in gas-liquid layers and liquid-liquid surf ace 
layers. These hwo cases exist in foams and in emulsions respec- 
tively. The! latter case is experimentally investigated in the case 
of sodium oleate solutions. Solutions of sodium oleate in water are 
shaken with benzene until thel latter is completely eniulsified ; then, 
after keeping until a separation into two layers has taken place, 
the aqueous layer is analysed, and the change in concentration 
noted. It is shown thatl the amount of sodium oleate removed from 
the solution is dependent on the concentration of the solution and 
on the specific surface of the benzene phase. The amount of soap 
removed increases rapidly a t  first, with small increases of concen- 
tration of the solution, and then remains very nearly constant while 
the concentration of the solution undergoes great change ; in this 
respect a strong similarity t o  ordinary adsorption is shown. The 
results are only partly in accord with Freundlich's equation, 
s / m = a c l / n ,  in  which x / m  is the amount of substance adsorbed by 
unit inass of adsorbent, G is the equilibrium concentration of the 
substance in solution, and a and l / n  are constants depending on 
the nature of the substances present. A device is described for 
preparing homogeneous emulsions. J. F. S. 

The Action of Electrolytes in the Formation and Inversion 
of Oil-Water Systems with Certain Biological Applications. 
G. H. A. CLOWES (KeEZoid. Zeitsch., 1914, 15, 123--126).--When 
olive oil is shaken with very dilute sodium hydroxide, emulsions 
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are formed, in  which the oil forms the disperse phase. If the 
emulsions are shaken with a solution of calcium chloride the con- 
centration of which exceeds that  of the sodium hydroxide, they 
are transformed into emulsions of opposite character in which the 
water forms the disperse phase. I n  presence of equivalent amounts 
of calcium and hydroxyl ions, the tendency towards the formation 
of the two ldnds of emulsion is almost the same, and the system is 
in a sort of critical condition, in which the directive action of the 
calcium ions is counterbalanced by the action of ths  hydroxyl ions. 
It is probable that  the activity of these ions is duel t o  adsorption, 
f o r  there is evidence of a close connexion between this and other 
phenomena which are conditioned by the adsorption of ions. 

The antagonism shown by the positive and negative ions has been 
further investigated in experiments with mixtures of solutions of 
calcium chloride and sodium citrate, in which the influence of the 
calcium ion is counteracted by that  of the citrate ion. From 
observations on the stability of oil-water emulsions on the addition 
of solutions containing the two active ions in different proportions, 
it is found that there is no coagulating effect exerted by the added 
solution when the calcium and citrate are in the ratio of 1 : 2. This 
particular solution is also inactive when injected intravenously into 
mice, and it has no influence on the hzemolysis of blood corpuscles, 
although positive effects are produced by solutions in which ratio is 
different from 1 : 2. 

Further experiments afford evidence that  the coagulation of 
blood is primarily determined by the liberation of thrombin in 
consequence of a disturbance in the equilibrium of the cell mem- 
brane as a result. of the adsorption of ions. H. M. D. 

Diffusion of Electrolytes and Formation of Precipitates 
in Jellies. B. L. VANZETTI (Zeitsck. Eleklrochem., 1914, 20, 
570--579).-The rate of diffusion of hydrochloric acid, hydrobromic 
acid, hydriodic acid, and nitric acid of 0-1N-strength in gelatin 
of 5% concentration has been determined at  l 8 O .  The diffusion was 
followed in some cases by means of indicators, and in others by 
means of a slight change in the colour of the gelatin. I n  one 
series of experiments the gelatin solution contained silver nitrate in 
sufficient quantity to make a O*lAV-solution. It is shown that the 
diffusion is in accord with Fick's law, and that  in the case of the 
various acids the rate is almost proportional to the migration 
velocity of the anions. The same is also true for the slower diffu- 
sion of the insoluble silver salts formed in those cases where the 
gelatin contained silver nitrate. I n  these cases nitric acid is formed 
which diffuses above the precipitate of silver haloid, and reaches 
nearly the same height as the halogen acids in gelatin free from 
silver nitrate. Nitric acid diffuses somewhat more quickly in the 
presence of silver nitrate than in its absence. The relationship 
IIeiyht/(l ' ime)'a is constant in all cases, both for the halogen acids 
and the silver haloids, although the value of the constant differs 
with the concentration of the acids. 

Height (Acid) /I$eight  (Silver Salt) 
The Pelationship 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
15

. D
ow

nl
oa

de
d 

on
 2

4/
10

/2
01

4 
20

:2
5:

20
. 

View Article Online

http://dx.doi.org/10.1039/ca9150805193


GENERAL AND PHYSICAL CHEMISTRY. ii. 241 

was constant throughout the experiment. On changing the concen- 
tration of the silver nitrate in  the gelatin, the height (h,) reached 
by the acid in a given time remains constant, but the height, h, 
reached by tihe silver salt changes in the sense thab the ratio h,/h 
tends to approach unity with decrelasing silver nitrate concentra- 
tion. Within definite limits, with the same concentration of silver 
nitrate, the relationship hl /h  is independent of the strength of 
the acid. The observation of Liesegang (" Chemische Reaktionen 
in Gallerten," Dusseldorf, 1898), that  in thme diffusion of halogen 
salts in gelatin containing silver nitrate the height of the insoluble 
salts a t  high dilution is the same; is explained as due to  the back 
diffusion of the soluble silver salt. J. F. S. 

The Action of Alkali Silicates on Clay and Kaol in  Sus- 
pensions. P. ROHLAND (HoZZoid. Zeitsch., 1914, 15: 158--159).-1f 
a small quantity of a, solution of an alkali silicate is added 
to a suspension of raw kaolin, the particles of quartz and sand 
are found t o  separate out very quickly. Various observations show 
that this cannot be attributed to the influence of the colloidal 
silicic acid or the hydroxyl ion which are formed as a result of the 
hydrolysis of the silicate, but must be ascribed t o  the action of 
the undissociated alkali silicate in the colloidal state. This 
action results in an increase in the degree of dispersity of the 
kaolin particles, and the settling out  of the quartz and sand 
particlm is tt consequence of this physical change. H. M. D. 

Precipitation and Peptisation of Albumin Sols by Colloids 
Suspended in Solutions of Electrolytes. A. BROSSA and H. 
FREUNDLICH (Zeitsch. physikal. Chetn., 1915, 89, 306-337).- A large 
number of experiments on the precipitation of electrolytefree 
albumin sols by colloids and other materials have been carried out. 
It is shown that  albumin sols prepared from ox serum and free 
from electrolyt'es possess a negative charge, and are not precipi- 
tated by salts of the heavy metals, such as ferric chloride, zinc 
sulphate, and mercuric chloride. The precipitation of albumin 
solutions by a positive ferric hydroxide sol o'r a negative molyb- 
denum dioxide sol decreases with decreasing elect'rrolyte concentra- 
tion of the solution, and eventually only a faint turbidity is 
produced, which re-dissolves when a further quantity of the pre- 
cipitating sol is added. The colloidal solutions obtained by adding 
ferric hydroxide sol to  an electrolytefree albumin sol were 
examined, and it is shown that  the albumin-ferric hydroxide 
particles are charged positively, but  not so strongly, as the pure 
ferric hydroxide particles. The ferric hydroxide-albumin sol 
therefore behaves as a positive suspensoid, which is precipitated by 
small concentrations of electrolytes. I n  the precipitation by elec- 
trolytes the nature of the anion, its valency, and tendency to 
adsorption are of importance. Thte quantity of electrolyte neces- 
sary to  precipitate the complex sol is much less than that  required 
to precipitate the pure ferric hydroxide sol; consequently the 
complex sol has become more sensitive. The sensitiveness can be 
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further increased by adding albumin solution to the1 albumin-ferric 
hydroxide sol. With large concentrations of electrolytes, the 
particles first precipitated are redissolved; in this case, as in the 
peptisation of globulin and casein sols, the nature of the anions is 
determinative, in so far as the high valency anions and organic 
anions (for example, SO,”, picration, citrate ion) show their actioii 
a t  much smaller concentrations than the others. Albumin is not 
quantitatively combined with bhe ferric hydroxide sol, but divided 
between the sol and the solution. The partition does not follow a 
simple adsorption isotherm, but the quantity adsorbed is propor- 
tional to the concenLratio8n for small albumin concentrations, whilst 
a t  high concentrations a saturation value is reached. The adsorp- 
tion does not appear to be reversible. With increasing concentra- 
tion of ferric hydroxide, the sensitiveness of the complex sol 
decreases, and approaches more nearly the pure ferric hydroxide sol 
in properties. The albumin-ferric hydroxide sol is somewhat more 
turbid than the ferric hydroxide sol, but  it cannot be resolved 
into its constituents in the cardioid ultra-microscope. This is easier 
in the region where no precipitation is possible, and most easy in 
those sols to which an excess of albumin solution has been added. 
The whole of the phenomena of precipitation and re-solution are 
explained by the adsorption of the anions of the solutions, and 
depend on the discharge and then re-charging of the particles. If 
instead of adding an electrolyte to a ferric hydroxide-albumin sol 
an albumin sol containing an electrolyte is precipitated with ferric 
hydroxide! sol, it is seen that in many respects the relationships 
are identical, particularly in the amount of ferric hydroxide com- 
bined with the albumin. Differences noticeable in the nature of 
the precipit’ation can be explained by assuming that  the changed 
conditions have affected the rate of coagulation. J. F. S. 

Equation of Condition of Gases and the Quantum Hypo- 
thesis. 0. SACKUR (Zeitsch. Elektrochena., 19 14, 20, 563-570).- 
The author has deduced an equation o’f condition f o r  gases on the 
basis ob the quantam hypothesis, which shall be in accord with the 
behaviour of gases a t  low temperatures and pressures. To test 
the validity of the equation, a number of measurements of the 
change of PV with pressure have been made with the gases oxygen, 
hydrogen, nitrogen, and helium a t  various temperatures. J. F. S. 

The Go-existence of Phases Subjected to Different Pressures. 
PAUL NIGGLI (Zeitsch. anorg. Chew&., 1915, 91, 10’7--133).-A dis- 
cussion of the application of the phase rule, and of the conception 
of the thermodynamical potential, tor systems in which the pressure 
is not uniform. Such cases arise in a single gaseous or liquid 
phase through the action of gravitational or centrifugal forces, or 
in a gas-liquid system through surface forces. The case of the 
solid-liquid system has been very fully discussed in reference t o  
ice and water, and has been further considered in reference to 
metals and rocks by Johnston (A., 1912, ii, lag), Johnston and 
A d a m  (ibid., 537), and Niggli and Johnston (A., 1914, ii, 377). 
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Three principal cases are now considered: (1) solid and liquid are 
under equal hydrostatic pressure; (2) the solid is under a greater 
hydrostatic pressure than the liquid; (3) the liquid is under a 
sniall hydrostatic pressure, whilst the solid is in a state of strain 
due t o  external forces. 

A n  excess of pressure on the solid always lowers the melting 
point, and increases the solubility of the solid phase. A cube of 
isotropic solid material under stress cannot have the same solu- 
bility on all faces. The higher stress corresponds with a higher 
potential, and thus with a greater lowering of melting point and 
a greater solubility. These conclusions are applied to the crystal- 
lisation of metamorphic rocks. C'. H. D. 

Ionisation Equilibrium. J ANEY KENDALL (J .  Physicul Chem., 
1915, 19, 193--209).-The dissociation of electrolytes is theoreti- 
cally considered. With regard to  the abnormalities of electrolytes 
two classes are differentlated : (1) those connected wit'h strong elec- 
trolytes (that is, highly dissociated substances), and (2) those con- 
nected with concentrated solutions. The dissociation constants of 
cyanoacetic acid and dichloroacetic acid are determined a t  25O, and 
it is shown that  the dissociation constant obtained experimentally 
is identical with that  calculated from the formula: 

where 12 is the dissociation constant from the Ostwald dilution law, 
and c a constant. It is found that  c increases with the strength 
of the acid, and in the case of strong electrolytes becomes so large 
that i% is negligible, whereas with weak acids c is so small that  i t  
becomes negligible, and the expression reduces to the Ostwald dilu- 
tion law. With regard to  the anomaly of concentrated solutions 
it is shown that  if the concentration of the solvent c8 is introduced 
and tlhe Ostwald dilution law modified t o  c i 2 / c , = k c S ,  the ex- 
pression holds for concentrations up tol half normal. This is 
shown in the case of propionic acid and butyric acid. The r61e 
of the solvent in ionisation is next considered. The idea is 
developed that  dissociation is due tol the influence of unsaturated 
solvent molecules on the molecules of the' dissolved substance. The 
charge! on the ions is assumed to come from the solvent reaction : 

The larger the associated molecules, the further apart are the free 
positive and negative charges, and consequently the smaller their 
mutual attractions, and presumably the stronger the ionising power 
of the solvent. J. F. S. 

y y ( 1  - y ) .2, == k + c (1 - y) / y, 

(H,O)$ (1320):-1 + H p .  

Equilibrium in the System, Water-Alcohol. N. A.  PUSCHIN 
and (Mlle.) A .  A.  GLAUOLEVA ( J .  RUM. Php. Chem. Soc., 1915, 47, 
100-1 13) .-The temperatures at which alcohol and ether crystallise 
differ, not' by 0 * 3 O ,  as was stated by Ladenburg and Kriigel (A., 
1899, ii, 545) and by Guttmann (A., 1907, i, 458), but by 7.1°, 
and assuming the accuracy of Guttmann's value, - 1 1 7 . 6 O ,  for the 
temperature of crystallisation of ether, that  of alcohol will be 
- 1 1 0 ' 5 O .  Addition of water up to' 15 mol. % lowers the solidifying 
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point to the eutectic point, - 1 1 8 O ,  a t  which the two straight lines 
constituting the diagram, meet. I n  crystalline alcohol, water 
forms solid solutions with a limiting concentmration of 15 mol. %, 
b'ut alcohol does not give solid solutions with ice. Alcohol and 
water form no definite compound in either the crystalline or the 
liquid phase. The molecular depression of the freezing point of 
alcohol, calculated on 1000 grams of the solvent, and measured by 
means of benzene and chloroform as solutes, has the value approxi- 
mately 3. For  dilute solutions of water in alcohol the correspond- 
ing value is 1.9. T. H. Y. 

Critical End Points and the System Ethane-Naphthalene. 
[Miss] ADA PRINS (Proc. K. Akad.  IVetensch. Amsterdam, 1915, 17, 
1095--1106).-1n the course of an investigation designed to find a 
system analogous to the ether-anthraquinone syst'em which shows 
two critical end-points (Smits, A., 1905, ii, 234), a number of 
binary systems were examined. These include (1) ether-alizarin, 
for  which the first critical end-point p was found t o  be 196*4O and 
37.5 atms. The second point, g ,  could only be approximated t o  
258O on account of the impossibility of observing the meniscus 
in the dark red mass. (2) Ether-hexachlorobenzene; in this 
case the solubility appeared t o  be so great that  the three-phase 
curve does not meet the plait point curve. (3) Ether-isophthalic 
acid; the point p lies a t  196.1O and 36.8 atms., but q could not be 
determined on account of the decomposition of the acid. 
(4) Hexaneanthraquinone ; this system shows no critical end- 
points. (5) The systems naphthalenecarbon dioxide and diphenyl- 
carbon dioxide both show the point p ,  but  in both cases the three. 
phase curve starting from the triple point of the solid substance 
had a steep rise which led to the conclusion that  the systems were 
andogous to the system diphenylamine-carbon dioxide. Finally, 
the system naphthalene-ethane was investigat'ed. The following 
data were first obtained : critical temperature of ethane, 32'32O; 
critical pressure, 48-13 atms. The point q lies a t  57.4O and 124.8 
atms., and p a t  39.40° and 52.89 at'ms. The full diagram of the 
equilibrium is given for the systlem along with the details of all 
the peculiar points. J. F. S. 

Avidity Determinations in ..Nan-aqueous Solutions by the 
Polarimetric Method. 11. Acids. X. KIMBACH and H. HORSTERS 
(Zcitsch. plqsikal. Chern., 1914, 88, 271-290. Compare A.,  1911, 
ii, 869).-A series of avidity determinations have been made in 
98% alcohol solutdon for  the following acids: benzoic; 0-, m-, and 
p-hydroxybenzoic ; 0-, m-, and p-chlorobenzoic ; 0-, rn-, and p-bromo- 
benzoic; 0-, m-, and p-nitrobenzoic ; 0-, .m-, and p-aminobenzoic ; 
o-, m-, and p-toluic ; 2 : 4-dinitrobenzoic ; and 3 : 5-dinitrobenzoic 
acid. The method consists in allowing the acid in question tbo 
compete with an optically active acid for an optically inactive 
base in a polarimeter tube, and froin the change in the angle of 
rotation calculating the part'itioii of the base between the two1 acids. 
I n  the present experiments d-mandelic acid was used as the com- 
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parjson acid, and piperidine as tqhe base. A number of corrections 
have to1 be applied to tho experimental figures to compensate for 
th3 influence of the various substances on the rotation of mandelic 
acid. I n  other respects the method is the same as that previously 
employed for bases (Zoc. cit.).  The avidity of both acids and bases 
in alcoholic solution corresponds with the values in water solution. 
Many of the anomalies which occur in water solution are not found 
in alcohol solution. It is shown that during the period required 
for the determination there is no formatlion of esters by the solvent 
and the acids employed. J. F, S. 

Velocities of Flame in Mixtures of Methane and Air. 11. 
ALBERT PARKER (T’., 1915, 107, 328--337).--Zn continuation of the 
work of Parker and Rhead (T., 1914, 105, 2150), a study has been 
made of the velocities of flame in mixtures of methane and air in 
glass tubes with internal diameters of 1.25, 2.65, 5-15, and 9.0 em., 
and in an iron tube, 17.5 cm. in diameter. The measurements were 
made by a slight modification of Parker and Rhead’s method, and 
tlhe mixtures contained from 5.7% to 12% of methane. Curves of 
the initial velocities, constructed by plotting percentages of methane 
against initial uniform velocities, show that  the velocities increase 
considerably with the diameter of the tube, and that  the limiting 
diameter cannot be less than 17.5 cm. The probable value of the 
limiting diameter is not much above 20 cm., bu t  in a tube of this 
size the velocity is only 17; greater than in a tubel of 15 cm. 
diameter. 

Experiments are described which show that  by using different 
coils, different initial velocities are obtained, and that  a variation 
in the1 type of spark also affects the initial velocity. It is pointed 
out that  in order to obtain the normal initial velocities in mixtures 
of methane and air, i t  is necessary that  the source of ignition 
should give no impetus t o  the propagation. An electric spark 
seems to induce a Eore rapid initial inflammation than other modes 
of ignition, such as adiabatic compression, and it is possible that  
the initial inflammation induced by a spark will always travel above 
the normal ” velocity. 

A reply is made to  ‘Wheeler’s crit’icism (T., 1914, 105, 2613) of 
Parker and Rhead’s paper (Zoc. c i t . ) .  E. G. 

Relationship between Electrolg t ic  and P u r e  Uhemical 
Processee. 111. D. REICHENSTEIN (Zeitsch. EEsktrochem., 191 4, 20, 
4 0 6 4 1 7 .  Compare A., 1914, ii, 23).-1n a previous communica- 
tion it was shown (Zoc. cit.) that  passivity of metals is analogous 
t o  those, chemical reactions which, with increasing concentration of 
one of the reacting substances, at’ first show an increasing velocity 
of reaction, and then a steadily decreasing reaction velocity. A 
number of such reactions are considered in the present paper, and 
a mathematical representation of the rate of solution of metals in 
a mixtare of sulphuric acid and hydrogen peroxide is deduced. It 
is shown tha t  the solution of nickel in such a solution is to be 
regarded as taking place in the four stages: (a )  adsorption of 
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hydrogen peroxide, ( b )  H202 --+ H,O i- 0, ( c )  2 0  -+ 0, and 
(d) Ni + 0 + 2H' + Ni" + H20. The reaction b takes place slowly; 
its velocity is of the same order as that  of c and d. The reaction 
c leads t'o the accumulatlion of oxygen in  the electrode volume. 
With small concentrations of acid both b and c bring about a 
slowly increasing passivity of the metal. A number of experiments 
are described on the rate of solution of nickel and copper in 
solutions of sulphuric acid and hydrogen peroxide of varying 
co'ncentrations. In  a solutidn contlaining 0*970N-H,02 and 
0.045A7-H2S0, nickel becomes passive in ninety minutes, whereas in 
0'423iT7-H20, and O'O~'~LV-H,SO, one hundred and seventy minutes 
are necessary. The constant velocity of solution of nickel, which 
is independent of the time, can also be reached from the passive 
side. J. F. S. 

Piezochemical Studies. XIII. The Influence of Pressure 
on the Velocity of Reaction in Condensed Systems. 11. EKEST 
COHEN and H. F. G. K A I S E R  (Z~ i t sch .  phyysikal. Chem.. 1915, 89, 
338-364. Compare A., 1911, ii, 23; 1913, ii, 687, 690).-The 
rate of hydrolysis of a O*OlN-solution of ethyl acetate by a 
0-OlN-solution of sodium hydroxide has been determined a t  2*40° 
and a t  pressures varying from 1-1500 atmospheres. The pressure 
regulator and apparatus is the same as that  previously described 
(Zoc. c i t . ) .  A thermostat is described, which is capable of giving a 
temperature constant t o  O*0lo. The measurements were made by 
two methods: (I) a titrimetric method, in which it is shown that 
similarity of experimentlal conditions is essential for concordant 
results, and (2) an electrical method which depends on measurement 
of the change of conductivity of the solutions. I n  the former 
method the solutions have t o  be removed from the pressure chamber 
for titration, whilst in the latter the concentration of the solution 
is determined whilst still under pressure. Both methods give 
results of the same order of accuracy as that obtained at atmo- 
spheric pressure. It is shown that the reaction constant increases 
with the pressure, and atl 1500 atms. pressure is 37.4% larger than 
a t  ordinary pressure. The experimental results a t  the various 
pressures are obtained from the equation %,=a + bp,  and also from 
the van't HOB equation, d . I .  k/dp=constant. J. F. 5. 

Kinetics of the Action of Potassium Xanthate on Chloro- 
acetates and Chloroacetamide. BROR HOLMBERG (Zeitsch. physika?. 
Chem., 1914, 88, 385-400). -The velocity of reaction of sodium, 
potassium, strontium, and barium chloroacetat'es and chloroacet- 
amide on potassium xanthate has been determined, and also the 
influence of small quantities of the chlorides of the same metals on 
the rate of reaction. It is shown that  the simple reactions are 
strictly bimolecular, and are t o  be represented by the equations: 

(i) 'O*CO-CH,Cl+ 'S*CS*OEt ='O*C'O*CH,*S*CS*OEt. 
(ii) MO*CO*Cl3$Y + 'S*CS*OEt = MO*CO*CH,*S*CS*OEt + C1'. 
(iii) 'O*CO*CH2C1 + RilS*CS*OEt ='O*CO*CH,*S*CS*OEt + MC1, 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
15

. D
ow

nl
oa

de
d 

on
 2

4/
10

/2
01

4 
20

:2
5:

20
. 

View Article Online

http://dx.doi.org/10.1039/ca9150805193


GENERAL AND PHYSICAL CHEMISTRY. ii. 24'7 

and (iv) MO*CO*CH,Cl+ MS*CS*OEt = 

in the case of the chloroacetates, and 
(v) H,N.CO*CH2Cl + 'S*CS*OEt = 

MO-CO*CR,*S*CS*OEt + MCl, 

H,N*C 0 CH,* S* C S* OE t + Cl', 

H,N CO CH,* S C S* OE t + MCl, 
and (vi) H,N-CO*CH,Cl+ MS*CS*OEt = 

in the case of chloroacetamide. 
The' reactions (iv) and (vi) are regarded as taking place very 

slowly, so that in the case of the chloroacetates it is to be expected 
that  a relationship of the type C =P + Q ( M * )  will exist between the 
equilibrium constant (C) and the concentration of the metal ion 
M'. I n  the case of the univalent ions sodium and potassium this 
equation takes the form C=0*0151+0*022M', where M' is the 
concentration of sodium or potassium ions, and in the case of the 
strontium and barium the expression is: 

C=0*0181+ 0*022[K*] + 0*034[Ba']. 
I n  the case of chloroacetamide the presence of metal ions does not 

affect the velocity of reaction. The velocity constant in this case 
is 0.0952, very much larger than that  of the simple chloroacetate 
reaction, which is 0.0197. J. F. S. 

Glycolysis. IV. The Influence of Catalysts  on Oxidative 
Glycolysis. TVILHELM BEYSEL and \VALTHER LOB (Biochem. %tsch., 
1915, 68, 368--401).-The rate of oxidation of dextrose, formalde- 
hyde, and glycollaldehyde by hydrogen peroxide is increased by 
phosphates. This is a catalysis of the hydroxyl-ion action by the 
phosphate arions, which are not replaceable by glycine or boric acid 
anions, even when all solutions employed have the same hydroxyl- 
ion concentration. The rate can be increased by increasing the 
concentration of the phosphates, especially when the [H'] concentra- 
tion exponent is about 7.4-7-5, that  is, about that  of the blood. 
Glycine inhibits slightly the oxidation, but  boric acid does not. 
The products of oxidation of the sugar in the presence of phosphat'es 
include hydroxy-acids, formic and carbonic acids, formed from 
tho scission products, a pentose and formaldehyde. Formaldehyde 
dnd glycollaldehyde behave, as regards the phosphate action, much 
in the same way as the sugar. S. B. S. 

Velocity of Solution of Molecular Layers. GEoRa VON HEVESY 
and ELISABETH R C ~ N A  (Zeilseh. physikal. Chern., 1915,89.294-305).- 
The rate of solution of a mixture of thorium-B and thorium-C has 
been determined in water, nitsric acid of various strengths from 
10-5N t o  l .ON, and in nitric acid containing glycerol. The molecular 
layer was prepared by allowing thorium emanation to deposit its 
decomposition products cn thiz quartz plates. The velocity of solu- 
tion was determined by measuring the rate of change of the 
P-activity. It is shown that  the rate of solutdon of molecular layers 
follows the same laws as layers of finite thickness, thus : 

where 6 is the thickness of the surface layer, F the proportionality 
d x / d t = 0 / 6 . O F ( c o - c ) ,  

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
15

. D
ow

nl
oa

de
d 

on
 2

4/
10

/2
01

4 
20

:2
5:

20
. 

View Article Online

http://dx.doi.org/10.1039/ca9150805193


ii. 248 ABSTRACTS OF CHEMICAL PAPERS. 

factor, D the coefficient of diffusion, 0 the surface, co the concentra- 
tion of a saturated solution, and c the concentration of the solution. 
The ratel of solution of lead and bismuth isotopes in nitric acid 
increases with the concentration of the acid, with decrease in the 
viscosity, and with the absolute solubility of the salt. The presence 
of lead ions in the solution decreases the rate of solution of the 
lead isotope (thorium-B) wit'hout affecting the bismuth isotope 
(thoaium-(7). It is shown that  the interchange of solid molecules 
of lead chloride with dissolved molecules can be determined by use 
of thoaium-B as an indicator. I n  an addendum t o  the paper the 
solubility of lead chromate is determined, using thorium-B as indi- 
cator; the value found is 2.0 x 10-7 gram mols. per litre, a value 
which is well in agreement with the values found by other methods. 

J. F. S. 

Influence of Temperature in Acid Catalysis HUGH STOTT 
TAYLOR (J.  Anier. Chem,. SOC., 1915, 37, 551--557).-A study of 
recent papers on the catslysis of esters, and especially those of 
Dawson and Powis (T., 1913, 103, 2135) and Lamble and Lewis 
(T., 1914, 105, 2330), has led t.he author to t'he conclusion that 
the ratio of the catalytic activities of the non-dissociated molecule 
of the acid and the hydrogen ion does not possess a considerable 
temperature-coefficient, such as has been suggested by McBain and 
Coleman (T., 1914, 105, I520), but  that, on the contrary, it is 
independent of temperature. This has now been confirmed by deter- 
minations of the velocity of hydrolysis of ethyl acetate with 0.1N- 
hydrochloric acid, alone and in  presence of potassium chloride a t  
Oo, 25O, and 40°. The importance of a consideration of the activity 
of the non-dissociat ed molecule in calculations of reaction constants 
in acid catalyses is emphasised. E. G. 

Experimental Confirmation of the New Theory of Allotropv 
Ira. A .  SMITS and S. C. BOKHORST (Zeitsch. phvysikal. Chom., 1914, 88' 
608-621. Compare A., 1913, ii, 393, 933).-A number of experi-9 
mental methods of proving the authors' theory of allotropy are 
given. These all depend on the effect of a previous treatment on 
the physical properties of such substances as come within the scope 
of tlhe theory. A number of examples of such determinations are 
quoted, which all tend t o  support the theory. Particular weiqht 
is laid on the statement of Benedicks (.7. Iron, and Steel  Tnst., 1912, 
No. 2, 442), in which four types of allotropy are differentiated. 
These four types are shown by the authors t o  be in accord with 
their theory. A number of experiments are described dealing with 
the1 different behaviour of white phosphorus after different treat- 
ment. Thus the freezing point is shown to depend on the previous 
treatment. Phosphorus which has been melted and slowly cooled 
can be kept in a moltfen metastable condition f o r  several days, whilst 
phosphorus which has been rapidly cooled solidifies almost a t  once. 
These differences are shown to be in keeping with the theorv of 
allotropy. J. F. S. 
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The Cyclic Evolution of the Chemical Elements. F. H. 
LORIEG (Chem. News, 1915, 11 1,157-159).-1t is suggested that the 
evolution of the elements may be represented by means of a cyclic 
diagram similar in type t o  the hysteresis curve which shows the 
changes in magnetism when the magnetJsing force is periodically 
withdrawn and re-applied during its general progressive variation. 
I n  conformity with C’rookes’ views of the genesis of the elements, 
the elements are assumed t o  be formed where1 time-breaks occur in 
the continuity of the flolw of energy. These time-breaks correspond 
with subordinate loops in  the general cyclic curve. H. M. D. 

Twenty-second Annual Report of the [American’] Committee 
on Atomic Weights. Determinations Published during 19 14. 
GREGORY PAUL BAXTER (J.  Amer. Chew ~ o c . ,  1915, 37, 407-417).- 
A review of the work published during 1914 on atomic weights, 
including those of oxygen, nitrogen, chlorine, neon, carbon, sulphur, 
silver, iodine, barium, nickel, cadmium, mercury, vanadium, tel- 
lurium, radioactive lead, uranium, and neoytterbium. E. G. 

The Periodic System and Periodicity in Properties. A. 
VOSMAER (Chern. Weekblad, 1915, 263--268).-An essay on the 
periodic system, giving curves illustrating the periodicity of atomic 
volume, specific gravity, atomic weight, specific heat, melting point, 
coefficient of expansion, and specific conductivity. A. J. W. 

Dissociation of Hydrogen into Atoms. 11. Calculation of 
the Degree of Dissociation and the Heat of Formation. IRVING 
LANGMUIR (J. Arner. Chem. Soc., 1915, 37, 417--458).-Langmuir and 
Mackay (A., 1914, ii, 717) have measured the losses of heat from 
tungsten wires in hydrogen a t  pressures from 0.01 mm. up to 
o’rdinary atmospheric pressure. The results of these experiments 
have now been applied t o  the calculation of the deg~e0 of dissocia- 
tion and the heat of formation of molecular hydrogen. 

It is suggested that  the dissociation of the hydrogen does not 
occur in the space around the wire, but takes place only among the 
hydrogen molecules which have been absorbed by the metal, and 
that within the metal the reaction is so rapid that equilibrium may 
be assumed t o  prevail a t  all times. The equilibrium constant within 
the metal may, however, be different from that  in the gas phase. 
It is assumed that  the hydrogen does not have to diffuse through 
an adsorption film on the surface of the wire, but that  absorption 
takes place by the collision of the molecules o r  atoms with the 
surface; a certain fraction, a2;, of the molecules is thus absorbed, 
whilst the fraction 1 - a2 is reflected, and similarly of the atoms 
striking the surface the fraction, al, is absorbed. The partial 
pressure of atomic hydrogen immediately around the wire depends 
on (1) the rate a t  which atomic hydrogen escapes from the wire, 
(2) the rate a t  which atomic hydrogen is absorbed by the wire, and 
(3) the rate a t  which it can diffuse away from the wire. 

On the basis of these considerations the following equation has 
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been developed for the calculation of the dissociation constant, R 
(in the gas phase): 

where TV is the heat carried from the filament by dissociation, 
q the heat of reaction, D the1 diffusion-coefficient, and I> the total 
pressure. The values of K, q, D, a,, and a2 which were found t o  
give the best agreement between experiment and theory were as 
follows : F o r  the dissociation constant log,& = 7.77 - 19700/T, 
whence i t  is calculated that the degree of dissociation at  760 mm. 
is 0.0033 at  200O0, 0.014 a t  2300°, 0.031 a t  2500°, 0.17 at' 3100°, 
and 0.34 at  3500O (abs. temp.). The heat of reaction at  constant 
volume for 2T1-=1T2 is 84,000 caLj or a t  constant pressure 90,000 
cal. a t  30003 (abs. temp.). The diffusion-coefficient of atomic 
hydrogen in moleculalr hydrogen, D, is found to be 2.14 x lO-3T4, 
which is 4.2 times as great' as that  calculated previously (A., 1912, 
ii, 827); this difference is accounted for on t'he supposition that 
the hydrogen molecules are more or  less " transparent" to  hydro- 
gen atoms. The coefficient a1 has a constant value of 1, whilst 
a:, appears t o  be constant and of the value 0.68, or, in other words, 
all the hydrogen atoms striking the wire are absorbed by it, and 
68?& of all the hydrogen molecules are absorbed. 

Experiments on the losses of heat from tungsten wires in mix- 
tures of nitrogen and hydrogen give results in harmony with the 
theory ; the diffusion-coefficientl of hydrogen at'oms through nitrogen 
is found to be D==2-5(7'/273)!, which agrees well with the value 
calculated by the kinetic theory. 

~ ~ = [ ( W d 2 ( P P +  1 / 4 2 ] / [ P -  ( V Y ) ( P / D +  1/a2)], 

E. G. 

The Relative Dimensions of Molecules. A. 0. RANKINE (Phil. 
Mag., 191 5,  [vi), 29, 552--555).-According to Slitherland the 
viscosity of a gas is proportional to T?/( l  + C / T ) ,  where T is the 
absolute t,emperature and C a constant. Tn calculat'ing the mole- 
cular dimensions from the viscosity, i t  follows that  the molecular 
radius, as estimated according t o  the simple kinetic theory, must 
be diminished in the ratio ( l + C / T ) +  : 1, in order to  obtain the 
true radius. 

By makinq use of the author's data for  the viscoF;ity of the 
halogens and the inert gases, the following values are obtained 
f o r  the molecular radii : chlorine, 1.60 ; bromine, 1.71 ; iodine, 
1-88 ; argon, 1-28 ; krypton, 1-38 ; xenon, 1-53 x 10-8 cm. The ratio 
of the radii f o r  chlorine and argon is 1.25, for  bromine and kryp- 
ton 1.24, and f o r  iodine and xenon 1.23. Assuming that the 
molecules are spherical, it fonows that  the halogen molecules havs 
practically twice the volume of the corresponding inert gas 
molecules. 

It is also shown that the ratio of the constant C in Sutherland's 
equation for corresponding members of the halogen and inert 
series of elements is constant and equal t o  2.3. The constant C, 
i t  may be noted, affords a measure of the work done against the 
attractive forces in separating t o  an infinite distance two molecules 
originally in contact. H. M. D. 
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Molecular Attraction. 11. K. K. JARYINEN (Zeitsch. physikal. 
Ckam., 1914, 88, 428-450. Compare A,,  1913, ii ,  293).-The 
formula F=rn2k/7-5, in which the symbols have the meanings pre- 
viously given (ioc. cit.), is accept'ed f o r  the molecular attraction, 
and values calculated from the various fo8rmuh derived from it are 
compared with experimental data. It is shown that this expres- 
sion only holds for the cases where the middle points of the attrac- 
tion coincide with the centres of the atoms; in the case of mole  
cular attraction the formula must be changed t o  one of the form 
F=m2h/<r-  br,)5, in which 0 is a constant, T the distance between 
the molecules, and r1 the diameter of the molecules. The formula 
C,/ W i u  =constantl derived from the above formula (Zoc. cit.) 
agrees with the experimental values when the bheoretical value of 
the constant is employed, namely, 1-29 f o r  monatomic substances 
and 1-63 for  polyatomic substances. A complicated formula is 
deduced for  the heat of vaporisation at  various temperatures; this 
is shown t o  agree with fact a t  temperatures in the region of the 
critical point. The attractlion constant k is calculated for a large 
number of substances, and it is shown that  the product ks  is a 
constant for a large number of substances; s is the density at; the 
boiling point. Associat'ed Substances and most +inorganic sub- 
stances, however, do not give constant values. The conclusion is 
drawn from this that  the molecular att'radion between equal 
volumes of all substances is the same, a statement which is taken 
to point to a uniform material as the basis of all elements. 

J. F. S. 

New Form of Sulphuric Acid Drying Vessel. EARL OF 
BERKELEY and E. G. J. HARTLEY (Ph i l .  Mag., 1915, [vi], 29, 
609--613).--In connexion with measurements of the vapour pres- 
sure of aqueous solutions by the dynamic method, some experi- 
ments have been made which show that  moist air can be dried as 
efficiently by sulphuric acid as by phosphoric oxide. The air need 
n o t  be bubbled through the acid; it is sufficient to lead the gas 
over the surface of the liquid. A suitable and efficient form of 
apparatus i s  described, which consists of four horizontal tubes 
each 22 cm. long and 2 em. internal diameter. These tubes are 
about half filled with acid, and experiments have shown that the 
moisture is almost' completely absorbed in the first of the four 
compartments. 

A new form of phosphoric oxide tube is also described. 
H. M. D. 

Safety Arrangement for Working with Poisonoue or 
Odourous Gases. FRITZ HENDFN (Chew. Zeit,, 1914, 38, 1009)- 
Description of a gas-washing bottle, which is surmounted by a 
safety bulb into which the washing liquid is driven by the gas 
in case of a stoppage, and through which the gas itself can escape 
by means of a safety outlet into the fume chamber. When it 
is not necessary to wash the gas a slightly modified form of 
apparatus is available. It then functions practically as a mano- 
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meter flask, and any slight alteratio,n in  the pressure or rate of 
flow of the gas is immediately obvious by the alteration in the 
height of the liquid (sulphuric acid, for example) in the tube 
leading from the flask itself, through which the gas is passing, into 
the upper safety bulb, and, of course, a complete stoppage would, 
as with the washing bottle, drive the liquid into this bulb, and 
eventually permit thYe gas to escape through the safety outlet. 

G. F. M. 

A New Blowing Pump. HEKRI VIGREUX (Bull. Soc. chirn., 1915, 
[iv], 17, 41--43).-A description of a simple water-pump capable 
of delivering air  a t  the rate of 400 lit,res an hour  under a pressure 
of 110 mm. of nlercury with a water pressure of 24 metres. The 
pump can be adapt'ed f o r  use with comparatively low water 
pressures. w. G. 
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